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1. Before s;tarang any experinaent a c i r c u i t diagrajii 
must be drawn i n your p r ac t i ca l notebook. 
2. Whenever a question i s asksd or .current requii>©d 
an answer must be given i n the notebook. 
3» /henever ah H,T. or L ,T . c i r c u i t i s to-be wired 
such connections mus be most c a r e f u l l y checked 
f o r shorts before switching i n power supplies. 
T.A.T.G. Osc i l l a t o r . 
(a) Using a small i n d i r e c t l y heated triode M.L.6 
(V.Tcl05 i n T . I I 5 4 ) wire up a series f o r TATG 
o s c i l l a t o r as shown in the fo l lowing diagrajn. 
i . . 
1 •t'-JO'-'ijr 
... 4 -
•^ . . /MiL 
Note the heater of the valve is already wired 
to the L .T . terminals-at the top of the board. 
The g r i d c o i l i s e small inductance wound to 
tune over the serne fcc.ngc as the anode c i r c u i t 
and the choice of g r i d leak i s l e f t to the 
.•operator. 
(b) Having checked the -virings make sure that the 
mains supplies 6.3v A.C. f o r L .T . and .250v D.C. 
f o r H.T. are both switched o f f . The switches 
are located to the l e f t of the power socket. 
Inser t th is power plug anil- switch on L.T.'.pI\^LY« 
Ascertain that the valve l i ;hts, then swit'ch on 
H.T. , ' • 
( c ) With the g r i d condenser set to mid-posit ion 
adjust the anode tuning control f o r an indica-
t ion of maximum o s c i l l a t o r y current as shown i n 
Pa/?e No..2. 
M2. Comment in your p r a c t i c a l notebook^ on the s i g -
n i f icance of the var ia t ions of ree.ding of Ml , the 
supply meter, and the corresponding readings of M2, the 
o s c i l l a t o r y current meter, as the cnode c i r c u i t tuning 
i s a l te red . • 
(d) Taking the e f f i c i e n c y of ivorking of the o s c i l l a t o r f o r 
a given g r i d se t t ing as the r a t i o of o sc i l l a t o ry cur-
rent to supply current, adjust the caiode tap and select 
that value of g r i d leak f o r mejcimura e f f i c i e n c y . ,/hy 
should -these adjustments control the e f f i c i e n c y of 
working? 
(c) Using the wavemeAer W.111? ascartain at what frequency 
your o s c i l l a t o r i s operating. Beware of harmonics, 
( f ) Select any frequency between 3,000 Kc/s and ..5»000 
Kc/s and adjust your o s c i l l a t o r to operate at the f r e q : . 
luB. Set t ing up the desired frequency can best be 
accomplished i n the fo l lowing way:- Since from (e) 
above the operating frequency i s already knosr/n i t i s 
apparent whether an increase or decrease of frequency 
i s neeessary to reach the desired frequency. Thus the 
d i r ec t ion i n which the anode and g r i d condensers must 
be al tered i s known. The f i n a l approach to be desired^ 
is then made: 
A l t e r the g r i d tuning a few degrees i n the r i g h t direc-
t i o n , then adjust the anode tuning f o r maximum o s c i l l a -
torfr c i r c u i t . Determine the new frequency with the aid 
o f W.1117,, and repeat th is procedure u n t i l e i ther the 
desired frequency or frequency very close to the desired-
frequency i s obtained. F ina l adjustment may be made 
by se t t ing y / . l l i y to the desired frequency, adjus t ing, 
i n .order, the g r i d tuning, then the anode tuning, f o r 
maximum, i nd i ca t ion i n the wr.vemeter, 
NOTE: Use the waveraeter s e n s i t i v i t y cont ro l to guard 
against overloading .the meter. 
(g) /hen the o s c i l l a t o r i s funct ioning touch the g r i d t e r -
minal , ii/hat happens? v/hy is this? 
2. P a r a l l e l Fed T.A.T.G. O s c i l l a t o r . 
(a) Rewire the o s c i l l a t o r board to the fo l lowing c i r c u i t : . 
See page No.3 f o r diagram,. 
PaRe Mo.3-
9: 1^  
(b) Select any frequency between 3jOOO IIc/s and 5,000 
Kc/s and adjust the o s c i l l a t o r to that frequency. 
This operation can best be e f fec ted by set t ing the 
g r i d condeneer to mid-posi t ion, tuning the anode cir-
cu i t and estimating the frequency of operation. The 
procedure deta i led i n 1 ( f ) should be used. 
(c) Apply a shunt across the R.F'.C. /hat happens? ihy 
i s the inclusion of an RFC necessary when using 
p a r a l l e l feed to an osc i l l a to r? 
(d) v'/hat purpose does' .002 \xP condenser serve? 
(e) I f the reading in the supply meter becomes abnor-
mally high what components would you suspect as 
f au l ty? 
3. The Har t ley O s c i l l a t o r : Series S'ed.. 
(a) Using an M.L.6'"7'V.T. 105) wire up the following, 
series f ed Hart ley o s c i l l a t o r c ixcu i t 
01 .0001 [xF 
02 = .00015 |iF var iable . 
"NC3 .5 i^F 




— C-500mA R.F.' 
Page No.4. 
(b) Adjust the o s c i l l a t o r for'maximum ej!.': Iciency by 
varying the | i o s i t i on of the I I .T . t'r-_. and select the 
most suitable value of g r i d leak, .i/hat f u r t h e r 
e f f i c i e n c y adjus t ing device could have been p rov i -
ded? Refer to the c i r c u i t diagram of T . I O 8 7 M.O. 
Section, v/hy should any a l t e ra t ion of H.T. tap vary 
the e f f i c i e n c y of operation? 
(c) Set 02 to i t s mid-posi t ion and estimate with the 
a id of • . f . - l l iy at" what frequency the osc i l l a to r i s 
operating. 
NOTE: Make sure that i t is the frequency of YOUR 
o s c i l l a t o r which you are measuring. .."h.at is the 
easiest way in which to check this? 
( d j Choose any frequency between 4»000 Kc/s and 6,000 
Kc/s and adjust the o s c i l l a t o r to that frequency. 
vyTiy , is th is adjustment much easier when employing 
th i s type of' osc i l l a to r? 
(e) Touch the g r i d terminal when the o s c i l l a t o r is 
operating., v/hat happens? ./hy i s this? 
Hart ley Osc i l l a to r - Pa ra l l e l Fed 





Adjust the o s c i l l a t o r to operate at a selected 
frequency between 4,200, and 6,0C0 Kc/s. 
>/hat purpose does the condenser 04 serve? /hr.t 
governs the choice of such a condenser? 
How could, you easi ly check that the o s c i l l a t o r 
func t ion ing , i f a wavemeter or o s c i l l a t o r y current 
meter was not avai lable . Explain the mode of opera-
t ion of your tes t . 
5. The Colp i t t s Osc i l l a to r - Series.Fed, 
(a) Using a V.T.105 (M.L.6)' wire up the fo l lowing serioB 
fed Co lp i t t s O s c i l l a t o r . 
G1,C2 .00015 liF (Var) 
G3 .0001 [xF 




For L use' the whole of the inductance on the board. 
Set CI to i t s minimum pos i t ion and vary the set t ing 
of 02 u n t i l maximum o s c i l l a t o r y current i s obtained. 
;i/hy should the se t t ing of C2 vary the amplitude of 
o s c i l l a t o r y current? 
With the a id of W.1117 estimate the frequency of . 
o s c i l l a t i o n a . Beware of harmonics. The fundamental 
w i l l , i n general, be that frequency at which the 
amplitude of o s c i l l a t i o n s i s a maximum-. This i s no t 
always t rue. 7hy?-
(d) By ad jus t ing the set t ings of CI and 02. set irp the 
o s c i l l a t o r to operate at ha l f the frequency obtained 
i n (c) above. 
Adjust the value of inductance and the variable 
capacities u n t i l the frequency of osc i l l a t ions i s 
double that obtained i n ( c ) . 
vi/hat purpose does the RFC i n HT lead serve-? ,/hat 
other component might be used instead? (Refer to 
c i r c u i t diagram of he t .osc . in R.1155)r' 
6.. Golp i t t s O s c i l l a t o r - Parallel.Fed.-
(a). Rewire the above c i r cu i t , so that a p a r a l l e l f e d 
, Co lp i t t s O s c i l l a t o r is obtained 
(e) 





NOTE: That no 0£ .c i l l a tory current rae-tar i s used. 
(b) By varying the amount of induatanca i n c i r c u i t 
and by adjust ing CI and C2 set up the o s c i l l a t o r at 
4,000 Kc/s. 
(c ) How' i s i t possible to obtain a v isual indica t ion 
that the o s c i l l a t o r i s func t ion ing . 
(d) cVhy i s i t not essential to provide a f i x e d con-
denser at X? On what grounds might the inclusion 
of such a condenser be considered desirable? 
(e) I f the R F C burnt out, what would you suggest as the 
probable cause of the trouble? 
( f ) I f the meter, but not- the R F C burnt out, what 
might be the trouble? 
(g) Are e i ther of the- fau l t s l i k e l y with the present 
apparatus? 
7. Tuned i-.node Crystal Grid Osc i l l a to r . ( M i l l e r ) . , 
(a) ../ire up the fo l lowing o s c i l l a t o r c i r c u i t using a 
small A / F Pentode Y.T.52 (Crystal Osc i l l a to r 
T .R.1133;o 
NOTE:This valve has an in ternat ional octa l base 
wi th top cap g r i d . 
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I t should be noted that the screen supply and the 
cathode biassing are both f i x e d below th.e board. 
(b) Complete the c i r c u i t as indicated in the above 
diagram. Insejrt a crj'-stal of frequency between 
4256 Kc/s (stores Ref: No: lOX/4 2 50) a id 6220 
Kc/s (Stores Ref: No; lOX/6220). 
(c) 'Vary the tuning of the anode c i r c u i t ejid draw a 
graph in 'your notebook to indicate the r e l a t ion 
bifctween anode current of the valve and increase 
of capacity in the aiiod.e c i rcui to ./hy c 
curve "dip"? /hat i s meant by the slow 
d ip , and why should c rys ta l o sc i l l a to r s 
i n the slow side? 
(d) In what way i s the valve safeguarded when 
bias i s employed? 
(e) The f igure below indicates the underside view of an 
actual oc ta l valve holders and i l l u s t r a t e s 
numbering the pins. 
.oes the 
side of a 






E-emembering that 'V"oT,52 i s 
an . ; - . / F Pentode i h which the 
suppressor is invar iably 
i n t e r n a l l y strapped to 
cathode, complete the valve 
-pin dia.c;ram at side. 
Underneath "View. 
Thus V.T.52 
Pin 1. Blank. 
2. Heater 
3. J in ode. 
4. Screen. 
5. Blank. 
6. No Pin 
7. Heater. 
8 . Cathode 
Top Cap Control Gr id . 
••e No.8. 





Check the ca l ib ra t ion of the -./.111? by tuning i t 
to the c rys ta l fundamental and noting the discrep-
ancy between the frequency as indicated by the 
ca l ib ra t ion chart and that of the c rys t a l . 
Continue checking the ca l ib ra t ion of the wavsrrieter 
by tuning to second and t h i r d harmonics of the cry-
s t a l . 
Bearing i n mind that-the magnitude of the wavGraotQP 
def l ec t ion is proportional? to the mag-nitude of 
o s c i l l a t i o n s , compare the amplitude of osc i l l a t ions 
of fundamental, second eiid t h i r d harmonic of cry-
s t a l . I s t h i s true? Give reasons. 
The Pierce Osc i l l a to r s - Crystal Anode Grid 0 sc i1 l a -
tor 










osc i l l a t ions 
01 - .01 fiF 'Rl 
C2 - .00015 [xF R2 
C3 - .5 liP- m 
04 - .01 iiF R4 
Vary the anode tuning u n t i l th? 
occur. Not^ i t may be necessary to a l t e r the 
amount of inductance as mil as varying the 
se t t ing of C2. 
..-/hen i t has been ascertained that the anode e i r -
•cuit can be tuned draw a graph i n your notebook 
to indicate the r e l a t i on between anode current 
of the valve and var ia t ion of anode cct capacity 
as the capacity is-"lncreased. Contrast th i s curve 
wi th the one obtained when using the tuned anode 
c rys t a l g r i d o s c i l l a t o r and comment on the d i f f e r -
ence. 
Adjust the anode tuning, so that the o s c i l l a t o r 
i s "lOf^ on the slow side' ' . Use the wavemeter 
to prove that harmonics of the c rys t a l are being 
generated. 
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(e) Remove the c rys t a l and re-place i t with one of higher 
than one of lower frequency. Comment on the resul t s . 
Note that the c rys ta l monitors ( i . e . Crystal 
f lon i to r s , Types 1 and 2) e.mplo>' a Pierce Osc i l l a to r 
c i r c u i t , ./hat adve^ntage i n respect of a s i m p l i f i e d 
^anode load can be clainx»d',for the Pierce osc i l l a to r? 
""•Verify your conclusions by set t ing up the fo l lowing 
Pierce c i r c u i t . Plug in crystals of d i f f e r i n g 
frequencies and chock that osc i l l a t ions are occur-mg, 

















Ins t ruc t ions f o r the Operatin^_qf Power . .miplif ier 
Boards and Assembly'of Sim;ple Transmit -be r • 
Neutralised Trlode Poi/er-.i-j'iTplifier.. 
.;ire up the f o l l o w i n g c i r c u i t using two ?-:.L. 
6 (V.T .105) one valve f o r o sc i l l a t o r the other as 
a m p l i f i e r . I t w i l l be a-ppreciated that this i n -
s t ruc t ion involves the use of both the o s c i l l a t o r 
and, power a m p l i f i e r boards. 
See Page No.10 f o r diagram. 
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1 = 30 K Ml 0-50Ka DC 
M2 0-500iia R-F 
M3-C-75Ma DC 
CI .00015 variable 
C2 .0001 R2 = 
C3 .00015 I^ F variable R3 = 
C4 .5 l-iF R4 = 
05 . 0005 ixF R5 = 
06 3 - 40 \i\xF - S6 = 
07 .002 laP R7 = 
C8 .00015 p^t variable 
09 .005 1-^  
clO 2 liF 
NOTE: A should be the end tap 
B the next tap. I t may be necessary to move B 
f u r t h e r down the c o i l , 
(b) Disconnect the lead from C5 to o s c i l l a t o r anode 
c i r c u i t at X, and adjust the o s c i l l a t o r to operate 
at a given frequency between 3,000 and 5,000 Kc/s. 
(Consult the ins t ruc to r and see page 1 pa ra : ( f ) 
^for method of se t t ing up to given-frequency). 
(c) r / i th Sw closed adjust R6 u n t i l there i s no reading 





2 - 1 0 K.Pot. 
1 K 
i n P.A.anode c o i l and 
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(d) to No.,3 tap on o sc i l l a t o r 
an indicat ion obtained 
(e) 
( f ) 
Open S and connect" C5 
anode c i r c u i t , /hy is 
in M4?. 
Vary the P.A, anode, tuning u n t i l max: dip i s 
obtained i n Ma., /hy should t h i s occur? Adjust C6 
u n t i l on r o t a t i o n . o f CA minimum change occurs in 
reading of M4. • ^ This process of 
neu t r a l i s ing i s employed i n T . I I 3 I the ground sta-
t i o n VHP transmit ter , -./hy should neut ra l i s ing be 
necessary? 
Close S and* adjust anode tuning f o r minimujn feed 
to V2. .'/hen w i l l th is occur? 
A simple M.O,P.A. has been constructed. 
NOTE. ALv'/AYS S.YITCH OFF H T BEFORE MMONG CIRCUIT 
• CHANGES. ^ 
2A Loading the P.A.'Stage .Method A. 
The t ransfer of power to an ae r i a l can be sim-
ulated by the employment of the fo l lowing ae r i a l 
, ( a r t i f i c i a l ) . 
L - adjustable coupling 
c o i l 
C - .00015 ^LF 
B l B2 Lamps 24v'67 
M5 0 - 500 Ma R . F . 
The a r t i f i c i a l a e r i a l board must have the same 
number as the P...-., board, and is to be connected to 
the l a t t e r by the lugs provided, thus ensuring that 
the ae r i a l coupling c o i l iJill not, f o u l the P.A. 
anode c o i l . 
S t a r t i ng with small value of coupling tmie the 
a e r i a l f o r maximum indica t ion i n the ae r i a l cur-
rent meter. Retune the P . A . stage i f necessary, 
/hy may th is adjustment be required? Increase the 
coupling retuning ae r i a l and P.A. stages u n t i l 
maximum output is obtained. i-/hat value has th i s out-
put? How does the P.A. feed change as the coupling 
between P.A. anode c i r c u i t and ae r i a l i s increased. 
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;¥hy should th is change occur? ./hat var ia t ion of read-
ing occurs in the g r i d current meter and the feed 
meter to the o s c i l l a t o r when the P.A, anode c i r c u i t 
i s t i g h t l y coupled to the-aerial? 
How does your method of adjustment and metering enable 
you to prove that the ampl i f i e r is working under Class 
C conditions? 
Vary the drive to the ampl i f i e r stage i n order to 
obtain maximum output. 
Obtain an estimate, of the power e f f i c i e n c y of the 
stage by comparing the power d iss ipa ted , in the a r t i -
f i c i a l a e r i a l wi th the calculated pov-'er supplied to 
the P.A. stage obtained from metering and measurement 
of the P.A. supply voltage. . How could you increase 
th i s e f f ic iency? 
B. Loadinp: the P.A. Stage , Method B. 
The l i n k coupling c o i l of the a r t i f i c i a l ae r ia l 
is to be disconnected and the lamps an:'; meter 
capaci ta t lve ly coupled to the P.A. anode c i r c u i t as 
indicated below: ( . 
P.A. Anode C i r c u i t C = .01 loF (Fixed) 
T l i s an adjustable tap on the P.A. anode c i r c u i t 
whi ls t T2 is connected to the same point as the H.T. 
feed. 
S ta r t ing wi th T l close to T2 and returning the P.A. 
at each adjustment vary the posi t ion of T l u n t i l max-
imum power is t ransferred to the a r t i f i c i a l a e r i a l 
c i r c u i t . 
,/hy should a l t e r a t i o n of tap T l a f f e c t th is t rans- ' 
fer? 
3« Keying the Transmitter. 
Place the key in" the H.T. negative l ine and monitor 
the radiated s ignal on one of the- laboratory receivers. 
Try and account f o r the qua l i ty of the transmission. 
4.- Grid Modulation of the Transmitter. 
Grid modulation of the power ampl i f i e r can be 
obtained by working the stage under Class B and Class 
C conditions and varying the bias at audio frequency. 
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V'/hy cannot Class A condition be used? 
Modify the g r i d of the P.A. stage to include the 
secondary of the microphone transformer -on the P.A. 
board. Cohnect the primary of tbe microphone trans-
foriner i n series wi th a carbon microphone energised 
from a 4v source. 
Use two 2v 20 AH .^ icos to 
polarise microphone.Waat 
would you imagine the 
r a t i o of the microphone 
transformer to be? How 
could you obtain an in-* 
dica t ion by measure-
ment? 
Test the qua l i t y of transmission by monitoring on a 
laboratory receiver, /hat v i s i b l e ind ica t ion exists to 
show that the modulation occurs? How could the depth 
of modulation be increased whi l s t s t i l l using the saiae 
microphone c i r c u i t and type of modulation? Draw an la 
'Vg diagram to i l l u s t r a t e the operation of this type of 
modulation. 
5. Anode Modulation of the Transmitter. 
For th is purpose a two st&ge audio ampl i f i e r i s to 
be used, 
I'/hy should th i s be nccessaiy? / i r e up the fo l lowing 
c i r c u i t on the anode modulation board;-
See Pago No, 14 f o r diagram. 
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l^inode Modulation Board 
V I fffiLD 6(V,R.10l) 
V2 E L (V.T .52) 
Rl 1000 OHMS 
R2 50 K " 
R3 -20 K 
R4 500 K 
R5 10 K 
R6 500 or 100Ox 
I I 
I I 
01 - 4 M-F or 2^iF. 
C2 - 4 (iF 
03 - .01 |_iF 
0 4 - 5 tiF 
05 - 4 I-LF or 21.1F 
iha t purpose does the combination C2 R3 serve? 
In some cases se l f o s c i l l a t i o n of the ampl i f i e r can 
be prevented by rovers**^the secondary connections of 
the microphone transformer. The tr tmsmitter wir ing 
should next be a l tered so that the P . A . section 
receives i t s H.T. supply from the point marked X i n 
the modulation c i r c u i t . .'hy is this? 
Monitor the output of your t ransmit ter on one of 
the laboratory receivers adjust ing the bias i n the 
F . A . stage f o r maximum depth of ..modulation, -.'hat 
economy i s e f f ec ted by endeavouring to maintain a 
high depth of modulation? Comment on the statement 
that the audio power supplied by modulation i s throe 
times the R / F power supplied by the P . A . stage. 
Chock the waveform of your modulated wave by apply-
ing the R . F . voltage developed across the P..:'.. anode 
c i r c u i t 'to an oscil lograph (uso D.C. - i so l a t i ng con-
densers). 
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G, Construction of Transmitter using Beesa Tetrode 
as P.A. Stage. 
"fi/ire up the fo l lowing c i r c u i t : -
r 
Hf-r 
Rl - 50 07^ 
Rl - 1 K 
R2 - 10 K Var: 
R3 - 5000 
R4 - 50 K 
R5 - ID K 
R6 - 50 K 
R7 « 50 K 
VI - ML (VT 105) 
CI - 2 .|aP 
G2 - ' .0003 (iF 
.0003 W 
.00015 loF Var: e.g. ,005 
.5 IxF 
.00015 laP Var: 
,0001 |iF 
Key 







Measure the voltage•developed across R3 with an 
A . V . O . 
(NOTE : Star t on highest volts, range) when the key i s 
open. 
Is the M. 0. osc i l la t ing? 
• t 
Close the key and measure the voltage across 
R5 again. 
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I s the McO. o s c i l l a t i n g now? Account f o r the f ac t 
that -osci l la t ions accur now whereas, they did not . 
previously. 
Tune the" P.A. to the M.O. . How is ^this done? 
Adjust the a r t i f i c i a l a e r i a l coupling and the bias to 
the P.A. stage- f o r maximum output. 
-Is the P .A. stage inoperative v/hen the key is open? 
Try the e f f e c t of g r i d and anode modulation on this 
transmission and compare the resul t s of monitoring 
your transmission with, those obtained when using the 
previous t ransmit ter . Comment on the qua l i ty of key-
ing when using C.W. and qua l i ty and depth of modula-
t i o n when using R / T . 
c/hat b ig advantages has the R.C.A.807 over an M .Lr6 
vYhen used as. a power ampl i f ie r? Under what condi-
t ions i s th i s benef i t not secured? 
7. Crystal Controlled Transmitter. -
(a) Use a c rys ta l o s c i l l a t o r as described on pages 
7 and 8 as the drive u n i t , and, as previously, 
use e i ther a neutral ised tr iode or a bGoia t e t -
rode as P . A . stage, .-/hy is a bet ter note ob-
tained when monitoring t h i s transmitter? 
(b) Give the P.A. stage maximum bias and tune i t 
to double the c rys ta l frequency. 
Of what general advantage i s t h i s process? 
GMBHAL INSTRUCTIONS. 
Before s t a r t i n g any experiment a c i r c u i t diagram 
must be dravm i n your p r a c t i c a l notabook. 
.Whenever, a question i s asked or current required 
an answer must be,given i n the notebook; 
iVhehev^r an H.T.I or L.T; c i r c u i t i s to be wired 
such connections must be most c a r e f u l l y checked 
f o r shorts before switching i n power supplies. 
; I n s t r u c t i o n s f o r operation of Receiver Boardg. 
i . ( a ) Simple one valve detector. 
(b) Employing an MLD6 (double diode t r i o d e V.R.lOl) 
•wire up the f o l l o w i n g c i r c u i t using an a e r i a l 
tuning board and a detector bb^rd. 
2. 
3. 
t O t J i 
30K 
The a e r i a l tuning c o i l to cover the medium frequency 
broadcast band i s marked.medium " f " and has three 
windings, the base connections from the underneath 




A d j u a t the potentiometer F for^Tnaximum voltage a t 
the anode of V, and search f o r a s i g n a l . I f no 
s i g n a l i s obtained rewire c i r c u i t as i n d i c a t e d 
i n F i g : ( i i ) . 







Ad;)ust the g r i d tuning and potenticHuej^er P f o r msm 
imum s i g n a l s t r e n g t h . Account f o r the Increase I n 
s i g n a l s t r e n g t h as compared w i t h the previous 
r e c e i v e r , (Note^ I f there, i s no increase i n s i g n a l 
s t r e n g t h reverse'the connsctiorxs to 4. and 5» v/hy 
i s t h i s ? ) , ./hat components e f f e c t the amount o f 
regeneration? v/hat e f f e c t i s obtained i f -the rcac-
• t i o n i s f e d from the end. R of the R.^ .C? 
RevYire the simple receivei* as below:-
vifhy i s i t necessary to retune.sthe g r i d c i r c u i t to ob-
t a i n maximiim s i g . j a l strength? .hat advantage does 
t h i s r e c e i v o r possess over the f i r s t one constructed? 
Has t h i s advantage been achieved at any apparent 
cost? I f sOj why? 
Audio Frequency A m p l i f i e r * (Resistance Capacit-y Coup** 
l i n g j = 
1. Using two M.L.6.S wire up the f o l l o w i n g c i r c u i t on 
the audio a m p l i f i e r board:-
Rl - 25OK 
R2 - 5OK 
R3 20K 
R4 - IK 
R5 - 50OK 






- 2 . 4 ^LF 
- 4 txF 
- .01 |iP 
2 . 4 liF 
- 1 HF 
FI G 5" 
.7hat purpose do the condensers CI and C 4 serve? 
;>/hat i s the true "Audio load" of VI? 
i'7hy are G2 and B3 employed i n the c i r c u i t ? 
Could'R^ 'b© replaced by a smaller r ^ s i s t f i r ? ? sVhat 
o';-her v^pbnent would have t o . bo changed ,1t;:- pro-
duce the previous e f f e c t ? 
Connect the p o i n t s A and B to the points Z and Y of 
Pig: 3 or 4 . 
:fhy should the g r i d lead of V . l be screened? 
^ee Pap:e No.4 for._.cl.ifi£g'.^ * 
Audio Frequency A m p l i f i e r (Transformer Coupling), 
II 1» 
Rewire the a m p l i f i e r t o the above c i r c u i t , ./hy 
should the gain now be greater? /hy should res i s t.-
ance capacity coupling be p r e f e r r e d i n an-audio 
frequency a m p l i f i e r ? 
Radio' Frequency A m p l i f i e r . 
Using" a K.T.~.V. 63 (V.R. 100) and en R/F a m p l i f i e r 
boardp w; " - •-- — -
r.y. 
Cii 
• t ..-r 
• i 1K 
Pit-7 
1 
The anode c o i l to be used f o r medium frequency 
broadcast band i s l a b l e d "An med f " and consists 
of two windings, the base connections from the 
underneath being aa shown:-
See Page No>5 f or" diafrranr.' 
Pac;s No. 5.-
1*^  W J . 
Connect up the above board w i t h the a e r i a l tuning 
u n i t . Detection board and audio a m p l i f i e r to form a 
fo u r stage s t r a i g h t receiver. The points C and D 
should be connected to the g r i d c o i l of the. a e r i a l 
tuning board at the p o i n t s V and S shown i n 
Pig':3. B should be taken to the g r i d condenser 
of the detector. The audio output of the detector 
should be fed to the audio a m p l i f i e r . I t w i l l be 
observed t h a t as the anode c o i l has two windings 
the second winding can be connected f o r uso.as an R/P 
using e i t h e r tuned primary or secondary. At l e a s t 
tha C i r s t o f thdso p o s s i b i l i t i e s should be t r i e d , 
v/hy should the decoupling capacity i n t h i s stage be 
much smaller than i n the A/P c i r c u i t ? How i s the 
gain of the vari-mu pentode c o n t r o l l e d , and why i s 
the resistance R.6 included i n the c i r c u i t ? 
I n s t r u c t i o n s f o r the c o n s t r u c t i o n of Superheterodyne 
Receive r s . 
Simple Superheterodyne Recsivers,, 
A simple superhet c o n s i s t i n g of three stages f r e -
quency changer, I.P. a m p l i f i e r and diode detector 
can be assembled by using the a e r i a l tuning, f r e -
quency changing and second detector and output 
boards. 
Using a t r i o d e hsxode X66 (V.R.99 i n R.1155) and a 
vari-mu pentode KTW.63 (V.R.lOO i n R.1155; wire up 
the frequency changer board as below. The boards 
have been designed so that the l e n g t h of connecting . 
leads w i l l be a minimum. -.'Jhy should t h i s bo 
necessary? 
^ee diagram i n Page N6.6. 
Pc^ ge, No_,;.6, 
I t should be noted t h a t C2, 04 and C.IO are the three 
,5uF condensers l a b e l l e d P,Q,R eoid located at the top 
of the board g h i l e 05 , C8 and 09 are .5[xF condensers 
l a b e l l e d L,M,N and placed at the bottom of the bos.rd. 





R9 400 ohms 
to 1 K 
R4 5K R . I O 5K • 
R5 400 ohms. R . l l 20K 
R6 250K R.21 50K 
0 1 . 0 0 0 3|iP 07 .OOOISP-J' ( v c r : ) 
02 08 . 5 t ^ 
' 09 
0.10 .3\^ 
0 . 1 1 .OluF 
0 . 1 2 . 0 0 0 5 




. 5 1 ^ 
.i^JF 
I t w i l l be seen tha t the I.F. transformers eraiploy 
c a p a c i t a t i y e coupling whose coupling exceeds c r i t i c r . l 
value a t t h e i r resonant frequency of 500 Kc/s. .fhy •• 
should the transform^ers be dssipjied w i t h over cri.tr-
i c a l l y coupled c i r c t i i t s ? 
/hat f a c t o r s have lead to a choice of I.F. of 500 
Kc/s,. Note t h a t three leads emerge from each I.F. 
transformer, anode of the associated valve bein.r'; i n 
each case already connected to the 'top' of the prim-
ary. The other end of the primary i s l a b e l l e d H.T., 
the 'top' end of the secondary i s connected to the 
second lead at the top of the I.F. CDJI, and the 
bottom of the "secondary, i s l a b e l l e d B1B2. At the 
f i r s t > I . F , the transformer T l i s connected v i a a .l(iP 
condenser t o ground. I n the construction o f t h i s 
simple superhet t h i s .condenser must be shorted out. 
v/hy i s t h i s ? 
Page_No^2» 
./hat purpose do C4, R4, C8, R8 anT C. 10"serve? 
State b r i e f l y two possible conditions under.which the 
t r i o d e section of the.frequency changer would f a i l to 
o s c i l l a t e . The p o i n t s 1 and 2 should be connected to 
the g r i d c o i l and condenser located on a e r i a l tuning 
board, ( P i g : 2 ) page 2. Using the components on the 
bottom l e f t hand and r i g h t hand side top of the detec-
t o r board wire up a double diode t r i o d e MHLD 6 (V.R.• 
1 0 1 i n R . I I 5 5 ) to operate as second detector and out-^ 
put value as shown below 
: Ri5 
G.16 = 
0 . 1 8 = 
C . I 3 = .00005|aP R,.12 = 5 O K 
C.14 = .OOOOSuP P-»13 = 250K-
.oi^p R . 1 4 = 5 0 0 K 
4|aP R . I 5 = 6 5 0 ohms 
. O I M F R.16 = 4 5 0 ohms 
4M.P R.17 = 3 0 K 
R,18 = 20K 
Connect one diode anode as shown to the output of the 
I.P, a m p l i f i e r ( t o p of secondary of l a s t I.P. t r a n s -
former) and R.12 to B.2 (bottom of secondary of l a s t 
I.P, transformer). 
Connect the power :supplies f:jid tune the receiver to a 
broadcast s t a t i o n . 
,/hat purpose do C.I3, C.14 and R.12 serve? 
,/hat type of gain c o n t r o l i s R.13? 
vlfhen w i l l the valve operate as a r e c t i f i e r ? 
Under what conditions i s the t r i o d s section of the 
valve operating, and what components serve to produce 
t h i s condition? 
/hat i s the true audio load of the valve? 
By varying the R.F. o s c i l l a t o r tuning "compare the 
" s e l e c t i v i t y " of your receiver w i t h that obtained on 
the s t r a i g h t receivers constructed. /hat i s the prime 
reason f o r the increased s e l e c t i v i t y ? 
Oonstructipn of Superhe terodyne Rsceiver having _an 
R/F ' A m p l i f i e r Frequency Changcrj," T / F " AiTiplifier 
Detector and Output Stages. 
Y \ . 
R r I — I FC 
The best procedure i s as f o l l o w s : -
Disconnect the a e r i a l tuning u n i t and connect the R/F 
a m p l i f i e r board between a e r i a l and frequency changer 
as-in s t r a i g h t cot. employing an R/F a r a p l i f i e r stage. 
(Bxp:e, page 3 . ) . Turn up both gain controls to max-
imum and tune to an R/T transmission). 
Adjust R/F o s c i l l a t o r , R/F a m p l i f i e r anode and a e r i a l 
•tuning f o r maximum s i g n a l strength. 
Under what conditions i s maximum output obtained? 
•;/hy i s t h i s r e c e i v e r more d i f f i c u l t to tune than a 
modem superhet? 
Has i t , however, any advantage over the modern 
commercial set? 
Oonstruction of Superheterodyne Receiver employing 
R7F» . F/C,. I / F Detector, Delayed j.VC o.nd Ma.qic Bye 
Tuning I n d i c a t o r . 
T 
>.£ r 
• IF — ^ 
Page yio.9» 
To assemble t h i s set the f o l l o w i n g i s the best 
procedure:-
(a) Modify the detector c i r c u i t so as t o employ the 
second diode s e c t i o n of the MHLD.6 to provide :..VC 















( c ) 
Figure No.3. 
The componehts Cl, 0 2 , Rl and R2 are to be found 
at the top l e f t hand corner of the detector board. 
C . I 9 - . 0 0 0 0 5 ( i P R . I 9 IM ohms 
0 . 2 0 - . I M F R . 2 0 lOOK ohms 
How does the diode now provide delayed A.V.C? 
State b r i e f l y two advantages of using delayed ..-vVC? 
The bottom of the secondary of the f i r s t I.P. 
transformer at B . l should be disconnected d i r e c t l y 
from ground but le a v i n g a connection through 0 . 6 
( P i g : l ) to ground. AVC i s then applied by conr. 
n e c t i n g R.6, P i g : l , to C.20 ( P i g : 4 ) . 
I n the same way the g r i d resistance of the R.P. 
a m p l i f i e r i s connected to ground through .l)uP 
condenser and the AVC l i n e connected to the junc-
t i o n of the g r i d resistance and .IpP condenser. 
(ci) Usinp a nathode ray timing i n d i c a t o r Y.63. ( V . I . 
I § f i H R : i l 5 5 ) wire up the tuning i n d i c a t o r - t o 
the f o l l o w i n g c i r c u i t : 
A.! 
1 
The r:rid of the t r i o d e 
section of magic eye i s 
connected to the A . V . C , 
r e s e r v o i r condenser 0 . 2 0 
( F i g : 4 ) . 
i f f - . 
Havlng completed the w i r i n g of the receiver put R/F 
gain c o n t r o l to three quarters maximum and audio gain 
c o n t r o l to maximum. 
Adjust R/F o s c i l l a t o r , k/F a m p l i f i e r and a e r i a l t.uning 
f o r maximum s i g n a l . 
vi/atch the tuning i n d i c a t o r and swing the s e t t i n g s of 
each of the f o l l o w i n g controls i n t u r n : 
1 ) i\/F volume c o n t r o l . ( 2 ) R/F o s c i l l a t o r tuning. 
3 ) R/F a m p l i f i e r anode ( 4 ) R/F a m p l i f i e r gain c o n t r o l , 
tuning. ( 5 ) A e r i a l tuning, 
account f o r what happens i n each case. 
Short the resistance R.6 F i i - ; : ! . /hat d i f f e r e n c e i n 
performance occura. Can you account f o r t h i s change? 
Communication Sxercises* 
Section A. 
Exercises I n one way communication. Pupils working 
so t h a t one team assembles a simple MOPA at a given . 
frequency or OOPA working i n t o an a r t i f i c i a l a e r i a l 
w h i l s t the r e c e i v i n g team assembles any of the simple . 
recei v e r s already o u t l i n e d * 
I n t h i s either. R/T or C.W. coinnunicatlon cem be 
ef f e c t e d . 
Page No. 10.. 
m i t t e r and receiver at one end of the intended l i n e 
of communication w h i l s t the other two teams aasembleA 
transmitter, and receiver at the other end of l i n e of 
communication. E i t h e r R/T or C.W. coniiiiunication i s 
•possible, 
A large v a r i a t i o n of t h i s system i s possible thus the 
r e c e i v i n g s t a t i o n could be completed to search f o r the 
t r a n s m i t t i n g s t a t i o n and have to 'back tune' t h e i r • 
t r a n s m i t t e r to the receiver. Before r e p l y i n g each 
t r a n s m i t t e r can be operated on a aiffej?ent f r e q u e n e ^ 
G E N a R A. L I^N S T R U G T I 0 N S. 
1. Before s t a r t i n g any oxporiment a c i r c u i t diagram must be drav/n 
i n your p r a c t i c a l notebook* 
2& Whenever a question i s askod or current required an answer 
must be given i n the notebook. 
3 , v/henevor an H.T. or L.T. c i r c u i t i s to be.wirod such con-
nections must bo most c a r e f u l l y checked f o r shorts before 
s w i t c h i n g i n power supplies. 
A L T E ' R N A T I N G C U R R E N T E X P E R I -
M B N' T 3. 
1. I n v e s t i g a t i o n of v a r i a t i o n of inductive.reactance w i t h f r e -
quency. 
The board provided contains a tapped a i r cored inductanco of 
approximately 0 . 1 Henry and a 0 .500 microammeter connected to 
a f u l l scale d e f l e c t i o n of 5mA. 
Procedure. 
Connect the whole of the inductance L' and. the meter i n s e r i e s , 





The voltage from the generator can be • varied i n frequency from 
1500 t o 6 ^ 0 cycles per second. As the output i a not constant 
at a l l frequencios a potentiometer gain c o n t r o l and an output 
meter reading O - I50 ( f u l l scale d e f l e c t i o n 3v A.C.) are f i t t e d . 
Se tho output of the generator t o I500 c/s ejid adjust the gain 
c o n t r o l u n t i l p r a c t i c a l l y f u l l scale d e f l e c t i o n i s obtained. 
Note the reading of the output meter: take the reading of cur-
rent i n the', s e r i e s c i r c u i t . Increase tho frequency of the 
generator, output by 25O c/s stops up to 4500 c/s, adjust the 
gain c o n t r o l to give the above value of output i n each case 
and take, corresponding readings of tho curront i n the series 
c i r c u i t . Tabulate your readings as below:-
Prequency i n c/s. I Curront (Motor reading) 
1500 
1750 
500 l / I 
.002 
Draw a graph showing the r e l a t i o n s h i p between frequency and tho 
r e c i p r o c a l of c i r c u i t * Account f o r the general shape of tho 
graph. Repeat the experiment using: 1/4 L 1/2 L ana 3 /4 L. 
For the success of these experiments i t is. e s s e n t i a l t h a t the 
l a b o r a t o r y i n s t r u c t o r i s asked to check tho operation of the 
.generator a f t e r each experiment. 
2 . I n v e s t i g a t i o n of v a r i a t i o n o f capaeitivo reactance w i t h jE'ro-quency. 
The board provided contains . 0 2 5 » .05 and .l[i.P condensers afld a 
5mA.A.C.. 
Procedure. 
Connect tho .05iJ.f condenser i n series with'the A.C.me t o r and 






Set the output of the generator to 4500 c/s and adjust the 
gain c o n t r o l ae that pprectleans'- a f u l l scale reading i s 
'obtained. Note the reading of the output meter and the value 
of c urrent i n the series c i r c u i t . Decrease the frequency of 
the generator output by steps of 250 c/s, adjust the gain con-
t r o l to give the same value of output i n each caso, and take 
corresponding readings of current i n the scries c i r c u i t . Tab-
ula t e your r e s u l t s as below: 
Frequency c/s. I current (Meter reading) • l / l 
4500 c/s 500 .002 
Draw a graph showing the r e l a t i o n between frequency and the 
r e c i p r o c a l of current. Repeat the experiment using .025 
laF condensers. 
For the success of those experiments i t i s e s s e n t i a l 
THAT the l a b o r a t o r y I n s t r u c t o r i s asked to check the opera-
t i o n of the generator a f t e r each experiment. 
3 . Series Resonance. 
^i. The board, contains .025 .05 and . 1 p,F condensers with a 
tapped inductance of approximately 0 , 1 Henry and 0-5 mA 
A. C.me t o r c a l i b r a t e d O-50O. 
Procedure. 
Connect h a l f the inductance i n series w i t h .05 t-iP conden:.cx 
and the meter, .pply i n series " ' ' - —• 
erat o r . 
the output voltage of the gen-
Swing the gen.jrator frequency c o n t r o l over i t s range to f i n d 
the resonant frequency of the series c i r c u i t . Hov/ w i l l t h i s 
bo indicated? Adjust the output c o n t r o l of the generator so 
tha t the current i n the series c i r c u i t ' i s i n the neighbour-
hood of f u l l scale d e f l e c t i o n . Note the reading of the out-
put meter. Sj-t the generator frequency c o n t r o l to 1 Kc/s and 
adjust the gain c o n t r o l eo that the output meter gives the 
saiTio i n d i c a t i o n as p r e v i o u s l y , and- measure the current i n the 
series c i r u m i t . Repeat t h i s procedure taking readings at 
1 ,9 , 2 . 0 , 2 . 5 , 3 , i0 , 3 . 5 , 4 .0 and 4 . 5 Kc/s. Record your 
r e s u l t s as bclov/: 
Frequency i n Kc/3. Value of c I r c u i t current. 
1 Kc/! 
1.5 KC/B 
P l o t a graph sY ./ing tnc above 
Repeat the abovj experiment. 
r e l a t i o n s 
Par^ e 3. 
B. Using a quarter of the inductance and .l|iP condenser, 
G, Using the whole of the inductance and .025 [^P condenser. 
D. Using h a l f the inductance and .05 \iF condenser as i n ex-
periment A taut also include i n the c i r c u i t a 80 ohm r e s i s t -
ance. Plibt graphs to shov; the tho r e s u l t s of experiments 
B, C, and D using the scino graph paper as f o r experiment A. 
Account f o r these r e s u l t s , and i n p a r t i c u l a r , the comparison 
between the r e s u l t s of experiments A and B. 
E. ' A good estimate of the Q of a series c i r c u i t can bo ob-
taine d by f i n d i n g tho three frequencies PO, P i and P2 as ' 
i l l u s t r a t e d below where f l and f 2 are- the two frequencios 
e i t h e r side of resonance when the current i n the c i r c u i t 
.707 of i t s valuo at resonance. 
IV 
Determine Q f o r the c i r c u i t s of oxpariraents A and B, Compare 
an.d account f a r tho r e s u l t s . 
4 . P a r a l l e l Resonance.. 
A.^  The board contains .025 .05 and .l|.iP condensers w i t h a 
tapped inductance of approximately?-0.1 Henry and 0-5iii^i-
A.C.meter c a l i b r a t n l O-5OO 
Procedure. 
Connect h a l f the inductance i n p a r a l l e l with .05 |j,P condenser 
a-xid apply tho output of the generator measuring the make up 
current as i n a i c a t e d below: 
. - j * - -
T 
! . * 
Swing the generator fr.quoncy c o n t r o l to 4 : 5 Kc/s and adjust 
the gain c o n t r o l of the generator to obtain a maximum meas-
urable value of make up cur r o n t . Ncte the reading of ^ he 
generator output meter. Set the genorator frequency c o n t r o l 
to 1 Kc/s and adjust tho gain c o n t r o l of the generator so t h a t 
the- output meter gives tho spirio i n d i c a t i o n as previously and 
measure the make up current to the p a r a l l e l c i r c u i t . Repeat 
t h i s procedure taking readings at I . 5 , 2 . 0 , 2 , 5 , 3 . 0 , 3 , 5 , 
4 . 0 and 4 . 5 Kc/s, 
Record- you-r r e s u l t s as below 
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Frequency i n Kc/s. Value of Make up Current. 
1 Kc/ s 
1.5 Kc/s 
P l o t a graph showing the above r e l a t i o n . Repeat the above e x p e r i -
men t . 
B- Using the whole of the inductance and .025 jiP condenser. 
C. .U.3ing h a l f r/i.e inductance and .05 iiF condenser as i n exper-
iment A but having a resistance of 1000 ohms across the c i r -
c u i t . 
P l o t graphs to show .the r e s u l t s of experiments B and 0 on the 
seme graph paper as thos of experiment A. 
5. Couplod C i r c u i t s . 
The" board contaiSH two of each of the f o l l o w i n g .025 .05 
.1J.LF condensers and tapped inductance of approxiraateljr 0 . 1 Henry. 
A 0-5mA A.C. .meter' c a l i b r a t e d 0 .500 i s provided i n a d d i t i o n . 
The two s i m i l a r inductances are mounted v e r t i c a l l y , ' and i t i s pos-
s i b l e to Iffsry the coupling betwoon them by ad j u s t i n g the p o s i t i o n 
of the m.oveable one on a s l i d e r . Using h a l f the inductance and 
,05 |iF condense! check that i n each caso the two c i r c u i t s formed 
have the same resonant frequency. Connect one c i r c u i t ( t o be 
c a l l e d the primary) i n series w i t h the generator, and the other 







Scoting the gen, .ator at the resonance frequency of the two c i r 
- c u i ' s ; and s t a r t i n g w i t h c o i l s widely separated, move them t o -
gether and note that the current i n the secondary increases to a 
maximum then decreases, v/hy i s this? Find the p o s i t i o n of tho 
moveable c o i i (note s l i d e r i s graduated i n inches) which gives 
maximum secondary currentt The c o i l s are then said to be c r i t i c -
a l l y coupled? ;ND ^HJSRE I S K MJCIMUM TR.JISFEPJDNCE OF ENEROY from 
the the primary to o secondary i n t h i s p o s i t i o n . Adjust the gener-
a t o r gain c o n t r o l to give approximately three quarters maximum 
posf::bl'j -secondary current at c r i t i c a l coupling and resonant f r e q : . 
Note the reading of the generator output meter. Keeping the 
COVQ i n the c r i t i c a l l y coupled p o s i t i o n adjust the generator 
frequency to 1 Kc,''s and adjust the gain c o n t r o l ' o f the generator 
to give' the same output as above. Repeat the procedure at 1.5* 
2.0. ' 2 . 5 , 3 . 0 , 3.5y 4-0 and 4 . 5 Kc/s. Tabulate your readings 
as below:-
F-equency i n Kc/s. Secondary Current. 
P l o t a graph to show t h i s r e l a t i o n . 
Ooupling Factor"KV. Calculate t h i s constant at maximum coupling 
Dy determii^^ f o f l f 2 , fo-being the resonant frequency of the 
c i r c u i 
curr 
J.i-'s and f l and f 2 the frequencies at, which the secondary 
3nt i s a maximum e i t h e r side of resonance. 
J.J BG.i?65e"s'Cartihg any experiniP«>*'-*-'<Uj?eiU> Aia^am wiBt 4r9Sa 
jxi your p r a c t i c a l not^tfocfk* 
2J V^onever a question i s asked an answer must bo given i n tho 
i^i^tebook. 
3:;v IVhenovor an HiT. or L.T. c i r c u i t i s to bo wirod such connec-
t i o n s must bo chocked most c a r e f u l l y f o r shorts before 
s w i t c h i n g on power supplies* 
D.C>, EXPERBENTS. 
COlfSTRUCTIcC OP A 0 - 5 VOLnETIiiR. 
. The board contains a 0 - 5 mllliammctcr whose scale i s grad-
uatod i n 2 5 d i v i s i o n s . 
Corcaoet the motor i n sorios w i t h tho nominal two v o l t supply 
( b e i n g c a r o f u l o f p o l a r i t y ) and w i t h the . J;OQ ohm r e s i s t o r 
and such other r e s i s t o r s as arc nccossary to provide the 
a-opropriato scale reading. 
J ^  Y Av.^/^ J)ty/S^—At^v-vv^ 
ifi^/S i f tho .master volt^.ot-e*' on the 2 v o l t suppty -reftfito.rs 
\rjlta tlio roaistaDcos i n tho above motor c i r c . r l t vxai^t bo 
aJ j u s j o d f o r a scalo reading of 10.5 divisior'-s whon tho motor 
\til'L a c t as Q 0 - 5 voltmotois 
What W i l - bo Oaj t o t a l reeistanco i n the c i r c u i t ? Account 
fo».'^igcj>©pancios. 
Viio the inr>t^?umont you have assembled to moasure the voltage 
o f tho nominal 4 v o l t supply l i n e . 
E.nv many olirao per v o l t i s tho instrument you have ascemblbd? 
- •CONSTRUCTION OP A 0 - 250 VOLTI^TER. 
Coniioct tho motor i n sorios w i t h tho nominal 9 6 v o l t supply 
. ( b e i n g c a r o f u l o f p o l a r i t y and -with 3 0 , 0 0 0 ohms f i x e d r e s i s t o r 
^ d ;:-5J00G potontioraoter. 
j u s t the l a t t o r f o r tho appropriate reading* 
fk\A.B i f the master voltmeter on tho 96 v o l t l i n e shows I05 
v o l t s tho potentiometer \ 7 i l l be adjusted f o r a reading of 10»5 
£calo d i v i s i o n s . Tho assorriblod instrument w i l l then have a 
tall scale reading o f 25O v o l t s . 
Moasuro the voltages on tho other l i n o s comparing them w i t h 
tho master voltmeter readings. 
Page 2. 
CONSTRUCTION OF 0 - 25 MILLL^jll'nilTflR, 
C o n n G c t t h e 25 i^ iA. a d j u s t a b l e shunt a c r o s s tho mctor s e t t i n g 
t.l3.G ahunt t o miiimuin v a l u e . 
O o i m G c t the saun ted motor i n s e r i e s w i t h the 2 v o l t supply and 
v;;l th a r e s i s t a n c e of 200 ohms comprised of s u i t a b l e f i x e d 
i c ' S i s t o r s on the board . Why i s t h i s valvo of r e s i s t a n c e used? 
. - \ W W V V V V s v \ W -
2 O 0 O K ' A ; 
A d j u s t the shunt f o r a meter r e a d i n g of ten d i v i c i s o n s . Do 
Bi'.ii i2j2cn c . i r c ] i i t _the s^unt. Why? 
The 0 - 25 mA shunt c o n s i s t s of 29 inches of eureka v/iro ( 4 
c>jfi6 per y a r d ) wound with 19 i n c h e s on the forraer- and ID 
i n c h e s cai^'ryj-ng t he a d j u s t a b l e COB tact* 
What i s the c a l c u l a t e d r c s i a t a n c o o f the meter movemon'i? 
Connect the 2 v o l t e u p p l y i n sui- i t -E v,'it/h the assersblad 0 - 25 
r.Tl].liniiraji;-GX" and the unCTov/n rc£: i f r ;c ; : .cd X and then determino 
t t o va lue of the lattou?-* 
Conr.Gct the 6 - 250 i i ' i . shunl:' acrot-'s ' ' ^ I ^ ^ rrjeter oet•:;.n,'-j the s h u n t t o ?:'j,nim-im v a l u e . 
Connoot the shunted m o t o r i n s e r i e s w i th the 2 v o l t eup-oly 
and w i t h a f i x e d r e s i o t a n c o of 20 ohms, v/hy i s t h i s v a l u e 
o f r 'us i s tanco usad? 
2v. SuOFi.y 
— — 
i . d j u s t cIo not o p c n ^ c i r c u i t the shunt f o r a r.iotor r e a d -
ing , o f t en d i v i s i s o n s . v/hy i s t h i s done? 
Ocr.r.vct the; 2 v o l t supply i n s c r i e s with the assembled 0 - 250 
railliLauuTioter and the unloiotf/n r e s i s t a n c e Y and thus dotermino 
the va lue of the r c s i s t a n c o ^ 
XPIS'IRUCTION OF aVLfW RANGE OHMMETBR. 
'.-:>:rrri(^zt tho motor "ft!" s e r i e s w i t h a r o s l s t a n c o of 365 ohms Ri 
i c o n s i s t i n g of s u i t a b l e f i x e d r e s i s t o r s on tho board) and 100 






Ari,;just R2 f o r f u l l s c a l e meter rQading, C a l l t h i s va lue of 
-a..-rent l-j_« 
IWftsure the unknown r e s i s t a n c e Y by p l a c i n g i t a c r o s s the meter 
A end B . 
I f the now vajuo of c u r r e n t i s I 2 
111 - I 2 I M 
vi/here M i s the motor r o s i s t a n q p p r e v i o u s l y measured i n e x p e r i -
mont 3. 
T h i s r e s u l t can he verified ^y aspumin^ the tc''!^cil c u r r e n t through 
the c i r c u i t i s una l t ered wl^ pn jiho meter i s sj^unted. Ui^^er what 
conditiono i s t h i s f^.pproximation j u s t i f i e d ? • 
'^omparo the value of Y v / i th t^^at obtained i n experiment 4* 
ViGcisure the iinknoypi r o s i s t a n c o 'fX" by t he sa^o method and cooH 
pare i ts valine with that obtained i n experiment 3» 
ICT' OF A HIGH RiiNG-r: Oi:;)iJjIi':^^;Io 
ojiioct the mo te r in s e r i o e wl t ;h a t l e a s t crjpe (ccn^rieod 
f f i x e d resistors cm tbc boawd) and the two volt supply. 
A4just the va lue of the t o t a l c i r c u i t r e s i s t a n c e us ing the 
r.cif'kod fixed resistors u n t i l the ma tor g i v e s a f u l l s c a l e . 
d e i ' I o c t i o n , C a l l t h i s va lue of c u r r e n t I , and the t o t a l c i r -
c;.,tt r e s i s t a n c e R . ^ 
Mo isuro the r o s i s t o n c o Y on the board by I n c l u d i n g i t i n s e r l e a 
wi Vii the above c i r c u i t . -^
I f the new c u r r e n t r e a d i n g i s -
( I ^ ' I k ) 
JliEN Y 3 I 
C ) R 
Coinparo t h i s va lue of Y wi th those o r e v l o u s l y obtained v e r i f y 
.;hG above f o r m u l a . 
Repeat the experiment determining the va lue of X . 
How i s the o p e r a t i o n of the ohmmeter e f f e c t e d by any change I n 
supply of v o l t a g e ? 
GHAPTBR 2 . 
• CE;lI(AC:OI]jRISTICS. 
1-., The ...pparatus.. . ' • 
The a p p a r a t u s p r o v i d e d fo^r p l o t t i n g v a l v e c h a r a c t e r i s t i c s 
• c o n s i s t s : O f a f o u r range m i l l l a m n e t e r mounted on a board* 
c a r r y i n g - d i f f e r e n t types o f v a l v e h o l d e r s \7hos8 p i n s are 
b r o u g h t o u t t o a p p r o p r i a t e l y numbered t e r m i n a l s . 
- Tho m i l i i a r a m e t e r i s c o n n e c t e d - t o a l e a f s w i t c h so t h a t on 
each Of the f o u r m i l l i a r a p e r o ranges v i z o ( l ) 0-15 m/lj 
( 2 ) 0-30 mA,' (3 ) 0 - 7 5 m l , ( 4 ) O - 1 5 0 » rail o. d i f f e r e n t shunt 
i s employed. 
V / h a t ; s a f e t y f a c t o r i s i n t r o d u c e d b y u s i n g a wide l e a f con tac t ? 
- . Iways l e a v e the meter s w i t c h e d t o range 4» 
B . G e n e r a l I n s t r u c t i o n s . 
T h c ' l i . T . and B i a s V o l t a g e s are o b t a i n e d f r o m bench d i s t r i b -
u t i o n b o x e s , each s u p p l i e d b y banks kf a c c u m u l a t o r s . These 
L i n e s LWQ l a b e l l e d w i t h t h e i r n o m i n a l v o l t a g e , b u t i n each case 
the a c t u a l - v o l t a g e on a p a r t i c u l a r l i n e , may be o b t a i n e d by 
swi tch ing• ; ; the mas te r meters a t the c o n t r o l pane l s to the 
• a p p r o p r i a t e l i n e . 
The supp l te ' s tO; tho boards arc t o be taken t h r o u g h the f u s e -
box on;,the bench , where ^ p r o v i s i o n e x i s t s f o r f u s i n g seven l i n o s , 
two G.B.. h c g a t i v o , one G . B . p o s i t i v e , one H . T . n e g a t i v e , cud 
t h r ee H . T . ' p o s i ^ t i v o . ; . ' 
V/hen p l o t t i n g v a l v e c h a r a c t e r i s t i c s i t i s e s s e n t i a l t h a t tho 
undermentioned. . .s teps be c l e a r l y "unders tood r j i d " c a r e f u l l y . ; _ • 
t o i l owed.; - •" -
1 . Bc fop . : C'jiy v o l t a g e s a rc a p p l i e d the c i r c u i t w i r i n g , e s p e c i a l l y , 
the p i n c o n n e c t i o n s must be checked., " ' ' . • •• , 
2.. The Gorrer-.t f i l a m e n t h'e,a;tor ^volto.ge must be used and i t must be 
a s c e r t a i n e d as f a r as p o s s i b l e t h a t the valve-, l i g h t s b e f o r e 
the H.To i s a p p l i e d . I f any doubt e x i s t s ^ chock the ' f i lc-^jnont , 
f o r c o n t i n u i t y . 
3» The no ' tor must alw.-.ys be s w i t c h e d t o range 4 - i n i t i a l l y AND . 
THEN S;/ITGHLD TO ... LO.."i!R Ri-lIGl AFTER T.;"0 Oil THR22 MiEUTES : ; ; : ' 
H;.V.:. SERVED TO SHOJ Tm-.T-:THE NE;/ PULL & a i E DEPLLCTION' . / I L L 
NOT BJ. :;.;XCiJi;DEE: . ' ' . 
( ; /hy i s the t ime d e l a y necessa ry? ) " ' . 
4 . I n a l l cases the H.To nega-t ivc and G .3 . p o s i t i v e p l u g s mitst . 
be i n s e r t e d i n tho socke t s . l a b e l l e d 6" on tho H . T . -and G.B-"^  
boxes r e s p e c t i v e l y ^ 
5 . The f o l l o w i n g pages c o n t a i n no t e s e n a b l i n g you to p l o t complete . 
anode and m u t u a l c h a r a c t e r i s t i c s o f many o t the cominoner s e r v i c e 
type valves , . 
E e f i n i t o w o r k i n g c o n d i t i o n s have been c a r e f u l l y s t i p u l a t e d b u t 
i f t ime p e r m i t s whole f a m i l i e s o f curves may be p l o t t e d 
p r o v i d e d maximum v o l t a g e and c u r r e n t r a t i n g s arc n o t exceeded. 
...vll the v p l t a g e s quo ted i n - these, n o t e s are n o m i n a l l i n e v o l t -
ages- . . ' . .ctual r e a d i n g s c.?.n be' o b t a i n e d by r e f e r e n c e to the con-
t r o l ^ me te rs , , 'and .the se .^ v a l u e s s h o u l d be used w h e n ' p l o t t i n g a l l 
c h a r a c t e r i s t i c s . in l a b o r a t o r y n o t e b o o k s . '•" 
6 . Do n o t a p p l y p o s i t i v e b i a s t o r e c e i v e r type v a l u e s . .. 
C. Diode C h a r a c t e r i s t i c s , i ' ' ^ • ., . 
1 . I n s e r t a Y,'R.21 ( l l a x ^ I a 10 mA)- i n the S t a n d a r d B r i t i s h F i v e 
p i n v a l v e h o l d e r on the; b o a r d . • . . 
I t w i l l be n o t i c e d tha ' t i the V..H,21:'has a S t a n d a r d B r i t i s h Four 
p i n l^ase whose p in- numbers are g i v e n b e l o w : -
( i ) i-.node. ( i i ) C d n t r o l G r i d . ( i i i ' ) . F i l a m e n t N e g a t i v e and 
B i e t . a l l i s i n g . ( i v ) - Fi lament ' : . 
S t r a p the t r i o d e as a d'iode by c o n n e c t i n g t e r m i n a l s 1 and .2 
t o g e t h e r . Connect t e ' r r a ina l 3 t o t h e n e g a t i v e "side o f the 2 v o l t 
f i l a r i i e n t s u p p l y and t e r m i n a l 4 t o the p o s i t i v e s i d e o f the seine 
supply. . Connect t e r m i n a l 3 t o t h e f u s e p a n e l and connect the 
o t h e r v s i d c o f the f u s e to - 2 4 v o l t s on the G r i d V o l t a g e d i s t r i b -
u t i o n b o x ' b y mcanc' o f a l o n g l o a d c a r r y i n g a wcjider p l u g . 
Pa^^e' 2 . 
Connect the- m e t e r as shotm- i n t h e d i a g r a m and take eoiother l o n g 
l e a d c a r r y i n g a vvander p l u g t o the G r i d l i n e -22 •vol t s - . : - - - ^ ' 
Take the r e a d i n g o f l a , f r o m the m e t e r . 
I n c r e a s e the- v o l t a g e on., the anode Of the v a l v e :by two v o l t s t ops 
( i . e . n o x f places n i c t e r . l e a d s a t -20 v o l t s , e t c , ) t a k i n g ' r e a d i n g s 
o f l a u n t i l a P . D , o f i 2 v o l t s i s a p p l i e d t o t he va lve . . 
Draw an l a Va ca rvo f o r the ' d i o d e j p l o t t i n g andde c u r r e n t ' r e a d -
i n g s a g a i n s t -aCTUAL anode v o l t a g e s . ; 
Mate r rangO. 1 w i l l be, r e q u i r e d f o r t h i s e x p e r i m e n t . 
i 
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• 1 1 ^ „ 
2* T r i o d e C h a r a c t e r i s t i c s . 
Read g e n e r a l i n s t r u c t i o n s S e c t i o n B . 
A . T v 7 0 - v o l t . Types . 
( i ) V . R . 2 1 - 2 v o l t d i r e c t l y h e a t e d t r i o d e - S t a n d a r d . B r i t i s h 
4' p i n base . Iviaicimura Va I50 v , Maximum l a 10 m.'.. 
i.node C h a r a c t e r i s t i c s . 
( a ) P u t Vg=0v b y s t r a p p i n g t e r m i n a l s 2 and 3 t o g e t h e r and 
i n c r e a s e Va b y 6v s t ep s f r e m - 0 t o 36 v o l t s and t hen b y 12v 
s t e p s f r o m 30 t o 120v. 
( b ) Put Vg=-2T as i n d i c a t e d i n the d i a g r a m £ind r e p e a t as f o r 
' ( c ) P u t Vg=-4v and r e p e a t , 
i - l o t these t h r e e anode c h a r a c t e r i s t i c s . •• 
M u t u a l C h a r a c t e r i s t i c s . 
•.Vith Va=96v i n c r e a s e Vg f r o m 0 b y 2 s t e p s t o c u t o f f v a l u e . 
Repeat w i t h Va=120v. 
P l o t t hese m t i t a a l c h a r a c t e r i s t i c s and f r o m them deduxje. Ra and 
Gm a t Va=96v ( a c t u a l ) and Vg=p ( l O K 1.4 m i ^ V ) . : -
C a l c u l a t e \i. 
4 
fiu V . 
1^ 
• 
* .1 - .' 
i i ) - ' V . . R . 2 7 - .e-s 'pceiai ly s e l e c t e d V . R . 2 1 - va lve no l o n g e r 
a v a i l a b l e ' r e p e a t ' a s f o r V . I i . 2 1 . . • • ' ' • 
( i l l ) V o R . 2 2 ' - •2v d i r s c t l ' y . : h e a t c d tr-^ode - S tandard . B r i t i s h - - ^ 
p i l l blase'. " ' ' • ' ' • 
Maximum'.V.a=150V5 Maximum Ia=20rail . • ~' j.^... •' 
l i epea t ^a'S. f o r .C 'H. 21 b e i n g c a r e f u l ,;not t o exceed, the above' 
maxithum-value' 01 l a . .-. "•' • . • . ." . ' • 
.•..P.118,6, 'Volum.c 1,^ S e c t i o n 8.^  g i v e s ' E a = 4 K , Gm=4miVV^: at-
Va=100y5= : ^ = 0 . . - • '•' ' \ ''"''••;;. 
( l y ) V.T, -20- ; - 2 v : . . d i r e c t l y ..heated t r i o d e ' . Maximum Va=l-5P-V, 
iviaXlmum Ia.=2'5mii-. S t a n d a r d . B r i t i s h 4 p i n base i - - • r". " ,^' 
Plo^t . th 'e i%node-c.aaract . . j r is t ics '.I't Vg=p j•..Vg=.-^2v and y g = . - 4 y , -
and.' the "mu'tual c h a r a c o o r i s t i c s at- Va=96y and: va=84v.-. _.;...' ' . 
. De t e m i n e ' ' t h e ' ^ \ G 1 V O ' - c o n s t a n t s a t Va=96v and-Vg=Ov. • • '••"'•'• 
• " (Ra=;4iv,-'Gm^...:25 miV'V) . • , .. ; . 
B . Four V o l cr-Types. ' • ' "•^  ^ • • ' • . • • " ' . •^ 
r ; ;( ' i '} VvR!>3tJ- 4 ^ ^ ^ . i n d i r e c t l y hoatGd t r l o d o - S t r j i d a r d . B r i t i s h 5 
..... . 1 . /.npde^;: 2' G r i d i . 3'Hoate'.r\ :;if ••lie 
• ' • ' • ' • j'aiCLmum'Va,= - . ' . • • . - • ' ' ' , ' 
P l o t the an.odo c h a r a c t e r i s t i c s • o-^ ^ t h i s v a l v e a t Yg=0,- -2v 
and. ~4v.', f o r those snode v o l t a g e s which,do'- .not g i v e - e x c e s s i v e 
anode . ' cu r ren t , -and-.mutual c h a r a c t . , r i s t i - c & - a t Va=84v and l o 8 v . 
Dct'eTmihe'-the v a l v e , cohetah'ts'•at' '-Va=84v ;and Vg=Ov/'-(Rai=6.5K, 




.Fij'>(' i ' [ . \ « w . : L 
;.( i i ) •M.,.R:.W \rJ:--v;,:dirG(^tly' h e a t e d ' t r i o d c .r, ,S : tandard-Bi^ i t i sh -4 
. V '^ .p |n .base A, i'''^.xiiiiu^''Va:i4^ '^-\) 
, ^''N'iB.'•'iiS .lO c e n t r e tapped r e s i s t a n c e ' i s prov'-ide'd;hcross the 
•T- '.filamcntysu'g^pl^^^^^^ t o . t h e 3i"as';;S"'6ur^ce. -P lo t 
' . .-il.:..''.^^P^C- ch 'ara 'c ts ' f fs ' t j rcs ' a t "v;g=0, •-4".', and - 8 v ' b e i n g c a r e f u l 
• [iidi'l to-'ox-Qoed the maximum, anode current. .-
I l p ' t ' the mp a i a i ' c h a r a c t e r i s t i c s ,at Va-6'0, '84 and 108v, 
. ' - '|)c,;tprrnino .the va lve- constan-'ts a t Va=84v, 'Vg=Ov. 
, f(Ra=l.. '5Il , Gm=:7|.O. .m.Vy9-'a't-.Va=iOC'v cold Vgr:^^^ 
(i i i)- ' !V. 'R. .5Q5 - :4V i n d i r e c t l y heated" t r i o d o •- S t anda rd B r i t i s h 
: " : ' :^ ;5' Vin-bas-G - . . ' -
1 Anode:.. '2 G r i - l . ' 3 'He.ater . 4 H e a t e r . '5 Cathode*' . 
I.'Iaxiraurfi'Va=25-3v.: max-im'am..Ia=20.- raA.. 
( a ) i P i q t anode c h a r a c t e r i s t i c s at , V-g=0-and -2v . 
( b ) f p l o t the m u t u a l . - c h a r a c t e r i s t i c s a t Va=12v, I32', 144,and 
( c) tDe t e r m i n o tjrie. v a l v e -r.onstants a t Va=120v, '.Vg=0, - '^ 
, i : ( R a i l 3 - 3 K Gm=i6mA/V) • 
. /ha t ' ' type , o f ' g r i d .base-:^ t h i s v a l v e possess?. 
;" '€ . Sixi.VGylt rType's.: ' \ - y - ^ - r - _ : • , 
' •-^;r): V.T^i-105-.- 6v , i n d i r o ; c t l y ' ' h c a t c d - t r i o d o - S t a n d a r d B r i t i s h 
,3 p i n base - • - : ,'••':• • ' .• i . 
l-.....nodo.. 2 G r i d . ' 3 J l d a ' t c r . .4.,riQ'ater. ' .5 CathodCf ; 
'Kaximum Va=-250Vj, maximum •Ia=3p.5i.-v. ' ' . ' 'A.-v ' 
P l o t anode c h a r e c t e r i s t i c s a t . 
Page 
., -57 an 
c h a r a c t e r i s t i c s at- Va=132, and 144v. 
12v, ahd mutual 
Ra and Gm a t Va=144v and Vg= -6v . (Ra34*5K, Gm=4.5 
6.3v 
D. 
D e t e r m i n e 
m/ i / V ) . • 
( ^ i > ' S ^ i ^ ^ l . ^ ^ f M g ? n E ? i ^ o S a ^ 8 c M ? ^ g a S S f ° ^ ^ ^ - ^ - ^ Q l -
1 Blank.- 2 H e a t e r . 3 T r i o d e .-.node. V Diode Anode . 1 . 5 . Diode 
,J iode 2.. 6 B l a n k . 7 Fe.ater . 8 Cathode Top Cap G r i d . ,, 
Maximum Va=250v maximum Ia=20mA. . .. . ; 
P l o t anode c h a A - a o t e r . i s t i c s - a t Vg=0 , - 2 , - 4 , a n d the m u t u a l ' 
. c h a r a c t e r i s t i c s a t V a - 8 4 and 108v. •. , ' ^ / 
.' De t e rmine the vir.lve. c o n s t a n t s a t Va=108v, Vg= ~2v ( R a = 4 o 5 K 9 
Gm=3 m A / V ) . 
( i i i ) . V . R . 1 0 2 - 6 . 3 v i n d i r e c t l y h e a t e d doub le . t r i o d e - . O c t a l base 
1 B l a n k . • 2 'He a to-••,->. 3 x^node 2 . 4-Cathode' 2 . 5 ' G r i d 1 . . - 6 .i-jiode 1 . 
- 7 H e a t e r . 8 Cathode 1 -rop, Cap G r i d .2 . - • , ' . 
Maximum Va=25-jV, maxiiaum Ia=35mA. Use t r i o d o so ' c t i on 1 or. 2../ 
P l o t anode^ c h a r o c t c r i s t i c s a t Vg= - 2 , - 4 , arid- r-6v, a n d - m u t u a l 
c h a r a c t e r i s t i c s a t V a = 8 4 and l G 3 v . • .• • • ; 
De te rmine the p'- '^stants o f t h i s va lve- a t Va=108v-, and V g s - - 2 v . 
(Ra=2.5K, . Gm= 4mA/V) . , • • • 
T h i r t e e n V o l t T r i o d e s . . 
i n d i . r e c t l y h e a t e d t r i o d e - B r i t i s h ? p i n base 
3 B l a n k . 4 H e a t e r , 5 H e a t e r . 6 Cathode . • 
G r i d . • • 
Vg=0 5 - 2 , a n d - 4 v , 
anu l 6 8 v . 





4 p i n base -
and! Me t a l l i s -
••(TJ V.R.109 " 13 
1 B l a n k . ' 2 B l a n k 
7 i J i ode , Top C'-^ p 
Maximum anode c h a r a c t e r i s t i c s a t 
m u t u a l c h a r a c t o r i s t l o s a t Va-156 
Determine ' the va lve - con;, tants . . a t 
(Ra=10K, Gm= h.r^\/v) ; 
S c r e e n - G r i d V a i i c s . 
Tv/o V o l t Types . 
( i ) V . R . 1 8 - 2v d i r e c t l y h e a t e d t e t r o d e - B r i t i s h 
1 Creen G r i d . 2 C r . n t r o l G r a d , . .3 F i l a m e n t N e g a t i v e 
i n g , 4- F i l a m e n t P o s i t i v e , , . Top Cap Anode. 
Maximum Va=:120v, maxiriium l a - 6 ro4. 
'•a) P l o t anode c h a r a c t c r i s t i c ' s ' ^ a t ' V g = 0 • and -2v5 VssrSOv*-' 
Repeat w i t h Vg=OY, V_s=4'Bv.. 
P l o t these c h a r a c t e r i s t i c s , account f o r shapes, and f o r 
the . d i f f e ronce between c'orves' ( a.) and $ b ) ' 
l ^ l o t s:creG.. c u r r e n t a g a i n s t anode v o l t a g e f o r Vg=05 
VssGOVs and compare w h t i c curve- w i t h curve ( a ) . 
P lo t - , the m u t u a l - c h a r a c t e r i s t i c a t V.a=108v and Vs=60v. 
D e t e m i n o .Ha and Gra a t Va=108, Vsi=6-0v and Vg=Ov. 
(Ras:300k, ai^ = 1 .1 mA/V) . ' 
0 j -
Page 5. • i 
( j L i ) V,E,2-8 - 2v d i r e c t l y heated tet!rode - Br i t i sh^4" p i n .ba^ef 
as f o r ' B . R . 1 8 . : „• ' , • ~ V.-'i, 
Maximum Va=15Qv;j, maximum Vs=80v, maximum I a = 6 i ^ . . i': 
P l o t curves as f o r V . R . 1 8 . P l o t t i n g the mutual c h a i ? a c t e r i s t i e s 
Of both v a l v e s on thf same graph. Account f o r any d i f f e r e n c e s 
between those curves.'•-.(.Ra=110K, Gm=rl.6 m^i/v).. 
( i i i ) V . R . 1 1 8 - 2v d i r e c t l y heated beam-tetrode, .- B r i t i s h 5 p i n 
base - .. ... " . 
1 iinode. 2 Cpnt'r.ol G r i d . 3 F i l a m e n t Nega.tive. 4 F i lament 
P o s i t i v e * 5. S c r e e n . 
Maximum Va=:150v, maximum Ia=:20 mA', maximum Vs=150v. 
P l o t anode • c h a r a c t e r i s t i c s a t Vg=0, -2 r-4v, with Vs=96v,. and 
mutu.al' c h a r a c t e r i s t i c - w i t h . - V a s g o v , Vs=96v. • 
P l o t . .the-Screen c h a r a c t e r i s t i c wi th Vg= -2v and 'Vs=96v. 
Add t&e ord ina te s of t h i s c h a r a c t e r i s t i c to those of the anode 
c h a r a c t e r i s t i c f o r Vg= -2v and Vs=96v, hence obta in ing an l a + •-' 
I s with'-t^i-'-graph. 
Deteiroine Ra and Gm f o r t h i s va lve a t Va=Vs=96v and Vg=Ov, : 
• (Gm=2'.>5^,mA/v). ' . •. 
B . Four V o i t Types . ' 
( i i } V.Ti . ,754- ~ "^^  i n d i r e c t l y heated tetrode-anode d i s s i p a t i o n 
• • 25 wat t s - B r i t i s h 7 p i n base -
1 B l a n k . 2. C o n t r o l G r i d . 3 B l a n k . 4 Heater . 5 Heater . 6 Cathode. 
. 7 S c r e e n , Top Cap /ihode. 
Maximum Va=400v5 maximum Vs=30pv, •-maximum Ia=100Mi. . 
P l o t anode c h a r a c t e r i s t i c s wi th Vsc=96v, Vg=0, ,.-6, •.•!-12v,, and 
mutual c h a r a c t e r i s t i c s wi th Vs=96v, Va=120 and i68v.• 
Determine R a and Gm at Va=l68v, VB=96V and Vg=Ovs-! • 
v ' V V \ 
- S i c ' V o l t ^ T y p e B . . . 
( i ) V . T . 50 - 5.3v i n d i r e c t l y heated beani totrc i^dQ - anode 
; d i s s i p a t i o n '25 watts - .imcjrican Medium 5 p i n ,baso. . •-
1 He'ater. 2 S c r e e n . 3 Contro l ( G r i d . 4 Cathode. .5 Heater , . Top' 
Maxikufn Va:s6iQ0v, maximumr V-Si300v,. maximum Ia=70mA. Be c a r e f u l _^  
not ,to ejc^qed the maximum'anode c u r r e n t . * . . ' ' ' ' 
| a ) P l o t anode; C h a r a c t e r i s t i c s ,with'Vs=72v, Vg=0,'^4,and lOy. ' 
^b) iJe|)eat jw i th , Vs=l20Vi, and 'Vg=iOv. ; .' 
c ) p l o t ' ' t h e m b t u a l c h a r a c t e r i s t i c s f o r Va=96, and 168"«' and 
( d ) Determine Ra 'and Gm wi th Va=l6,8v, Vs=72v, Vg=0v,. 
4 . 
A* 
' ' ' ' '.-Pape''.6, -
Paht.ode :Valves . . , 
Two Volt ' Types . ' . 
( i ) V . T . 5 X v - - 2v, d i r e c t l y heated pentode - B r i t i s h 5 pin- t a s e 
1 Anode. 2 C o n t r o l Q r i d . 3 F i l a m e n t Negat ive and Suppressor 
G r i d . 4 F i l a m e n t P o e i t i v o . 5 S c r e o n . 
Maximum VasVgal50 v . -
f l b t anode c h a r a c t e r i s t i c s w i t h VBa72v, Va=0, - 2 , - 4 v » and 
i t i u t u a l - c h a r a c t G r i s t l . o s a t Ve=72v and Va=72 and 96v. 
Determine R a and Cm of t h i g va lve a t Va=V8=72v, and VgsOv, 
c2,5mA/^ a t Va=yss:100v, and Vg^iOv). 
- V - -
...B^ S i x V o l t Types'.' 
. ( i i ) V>T..52 - 6.3v i n d i r e c t l y heated output pentodo. I n t e r n a t i o n - ! 
al '"0-ctai B a s o . ' " '^ I 
1 B l a n k . 2 H e a t e r , 3 Anode. 4 S c r e e n . 5 B l a n k . 6-No P i n . . . 7 Hoater 
8 Cathode and Suppressor G r i d , Top Cap C o n t r o l G r i d . 
Maxiiflum Va=:300v> maximum Ia=40mA, maximuiTi Vs=250v. 
P l o t anode c h a r c c t e r i s t i c s a t V8=96v, VgsO, -8, and l6v, 
aiid" the mutual^ c h a r a c t e r i s t i c a t Va=Vs=96v. ; 
Do'tbrmine Ra and G^m: a t va=^s=96v,; and Vg=! :^6wt.(-5^0^=70^ ^^ andi 











( i i i ; T'.R .^5'3 - 0.3^ i n d i r e c t l y hea t ed v a r i - m u pentode -
I n t e r n a t i o n a l O c t a l -Base. 
1 M e t a l l i s i n g . 2 H e a t e r . 3 Anode. 4 Sc reen . 5 Suppressor G r i d . 
S No P i n . ' 7 H e a t e r . 8 Cathode, Top Cap C o n t r o l G r i d * 
Maximum Va=.Vs=300v, maximum Ia=l6raA. 
N . B . C o n n e c t Suppressor G r i d t o Cathode . 
P l o t anode c h a r a c t e r i s t i c s w i t h Vs=84v, Vg=0, - 4 , arid - 8 v , 
and the m u t u a l c h a r a c t e r i s t i c w i t h Va=Vs=84v. 
De te rmine-Ra and Gm f o r t h i s v a l v e a t Va=Vs=84v, and Vg=:Ov, 
(Ra=125K, • Gin=2. 2riiiy'V a t Va=:250v, Vs^lOOv and Vg= -2 .5vy ' 
( i v ) V . R . 9 I -^5-.3v i n d i r e c t l y h e a t e d pentode - B r i t i s h 9 P i n 
L o c t a l Base 
1 H e a t e r . 2 S c r e e n . 3 Anode. 4 Suppressor G r i d . 5 I n t e r n a l 
S h i e l d . 6 Cathode- 7 C o n t r o l G r i d . 8 I n t e r n a l S h i e l d . 9 H e a t e r . 
Maximum Va=Vs =300V, mrr'.iraum Ia=25t iA. 
( a ) P l o t the a n o d e . , c h a r a c t e r i s t i c s w i t h Vs=120v, V§=0, and 
-2v , and the m u t u a l c h a r a c t e r i s t i c s w i t h Va=l6Bv, 'Vs=120v, 
and Va=Vs=l6'8v, r i connec t ing Suppressor G r i d and I n t e r n a l S h i e l d s 
t o Ca thode . ''^  
. ( b ) Repeat the mutua l" charac te r .^ ' s t i es b u t c o n n e c t i n g the ' i 
Suppressor G r i d t o the C o n t r o l G r i d ( S h i e l d s s t i l l t o 
Cathode) • . 
(c) Compare the . ' rau tua i c h a r a c t e r i s t i c s o b t a i n e d in ( a ) and f-'••: 
( b ) a c c o u n t i n g f o r any d i f f e r e n c e s and de termine Ra and f-.: 
Gm. f o r t h i s ' l v a l y e ' a t Va=J.68v, Vs=120v, a b d Vg=0v. (Gm=6.5 .••-^i • 
m l / V a t .Va=Vs=250v, Vg= -2v) 
.. , , ( v ) V.R.IOO - 6.3v i n d i r e c t l y hea ted i^a r i -mu pentode - I n t e r - ' j 
n a t i o n a l O c t a l Base . '-. ; • ! 
1 B l a n k . 2 H e a t e r . 3 Anode. 4 Sc reen . 5 S h i e l d . 6 No P i n . • • 
7 H e a t e r . 8 Cathode , Top Cap C o n t r o l G r i d . . 1 
Maximum ;:Va=:250v, maximum.. Vs^lOOv, maximum' Ia=15mA, ' 
P l o t anciie ' c h a r a c t e r i s t i c s a t Vs=:84'v,' Vg=0, -4v -8v , and the 
m u t u a l c h a r a c t e r i s t i c s a t Va=Vsi=84y.' . 
De te rmine Ra and Gra a t Va=Vs=84v and Vg= -4v. (Gm=2.7 mA/V a t 
Va=250v Vs=80v, and Vg= - 4 v ) , 
( v i ) V,R.106 - 13v i n d i r e c t l y hea t ed v a r i - m u pentode .- B r i t i s h 
7 p i n baso . • - - -
1 B l a n k . 2 Anode. 3 Suppressor G r i d , 4 -Hoa to r . - 5 H e a t e r . 
6) Cathode. 7 Sc reen , Top Cap C o n t r o l G r i d * . • 
P l o t anode c h a r a c t e r i s t i c s a t Vs=84v, VgaO-y--4, - 8 , " and- the ; 
m u t u a l c h a r a c t e r i s t i c a t Va=Vs=84v, c o n n e c t i n g Suppressor G r i d 
t o Cathode. - - -
De te rmine the Ra and Gm o f t h i s v a l v e a t Va=Vs=84v, and Vg= 
- 4 v . (Ra=600K, Gm=1.65r^A/V a t Va=.^50v, Vs=125v, Vg= -3v). 
5, Frequency Changing' V a l v e s . 
( i j V.R.57 - 6.3v i n d i r e c t l y hea t ed octode - I n t e r n a t i o n a l 
O c t a l Baso . 
1 M e t a l l i s i n g . 2 H e a t e r . 3 Main i J iode . 4 Screen, 5 O s c i l l a t o r 
G r i d . 6 O s c i l l a t o r Anode. 7 H e a t e r . 8 Cathode. 
Maximum Va5:300v, maximum Vs=125v, maximum Ia=12mA. 
M u t u a l C h a r a c t e r i s t i c s = 
( a ) W i t h Vgo ( O s c i l l a t o r G r i d V o l t a g e ) - 0 , . V a = l 6 8 v , and 
Vg=72v, i n c r e a s e Vg ( s i g n a l , G r i d V o l t a g e ) b y two v o l t 
s t ep s t o cub o f f v a l u e , n o t i n g ancde c u r r e n t a t each s t o p . 
Repeat w i t h Vgos: - 2 , - 4 , - 6 , - 8 , a n d l O v . 
P l o t t hese m u t u a l c h a r a c t e r i s t i c s , and assuming a f i x e d 
b i a s o f - 6 v i s a p p l i e d t o the S i g n a l G r i d when the v o l t a g e s 
on tho ma in anode and sc reen are . l 6 8 v and 72v , r e s p e c t i v e l y , 
I n d i c a t e f r o m the curves the o p e r a t i o n o f f r e q u e n c y chang-
[I] I 
i n f f . 
What t ypo o f c h a r a c t e r i s t i c has t h e . s i g n a l g r i d ? 
What use i s made o f t h i s c h a r a c t e r i s t i c i n r e c e i v e r s ? 
See Page N o . 8 f o r d i ag ram. 
• ( i i ) V.R .99 and V.R.99A - 6.3v i n d i r e c t l y heated t r i o d e -
hexodo - I n t e r n a t i o n a l O c t a l B a s e . 
1 B l a n k . 2 Heato.r. 3 Main Anode. 4 S c r e e n . 5 O s c i l l a t o r G r i d . 
. 6. O s c i l l a t o r Anode. 7 H e a t e r . 8 Cathode, Top Cap C o n t r o l G r i d . 
Maximum Va=:2$0v-, -maximum Vs=100v , maximum Ia=12mA. ' 
Repeat as. f o r V.R.57.. 
( l i i ) ; V.R.107 - ;l3v i n d i r e c t l y heo.ted hepr,ode - B r i t i s h 7. p i n 
-hase. , 
•1 O s c i l l a t o r Anode-. 2 O s c i l l a t o r G r i d . 3 .Screen , + HeateW* ' 
5 Hoa.t,er.'..6 Cathode. ,7 Ma,in A-node., Top Cap Gontro: Grid. '" . '• 
Maximum Va=250v:>. maximum V s s l O O v , maximum I a=15mi. 
Repeat as f o e - V . R . 5 7 . . ' ' 
1.1. .1 • •' 
• t i 
UNIVERSAL VALVE CHAI^CTBRISTIC. DEMONSTRATOR. 
CONTENTS. 
Pa.'-e. 
1 , I n t r o d u c t i o n and Gene ra l I n s t r u c t i o n s 1 
2 , " S e t t i n g - U p " . , 2 
3 , C i r c u i t Diagrams and E x p l a n a t i o n , 
4 , I n s t r u c t i o n a l O p e r a t i o n .9. 
5, C o n t r o l S e t t i n g s and Optimum V o l t a g e s 13 
2 . 
3 . 
Pa.fTs N o . l 
I N T R O D U C T I O N . 
T h i s p i e c e o f equipment has been des igned so t h a t e i t h e r 
m u t u a l o r anode c h a r a c t e r i s t i c s o f v a l v e s r n d e r s e l e c t e d c o n d i -
t i o n s can be shown on the cathode r a y o s c i l l o s c o p e . 
GMERAL INSTRUCTIONS.' 
The- e l e c t r o d e s w i t c h e s , "Anode" , " G r i d T ' , " G r i d 2 " , " G r i d 3" 
and " C a t h o d e " , » m u s t a lways be i n the " o f f " p o s i t i o n when the 
equ ipment i s s w i t c h e d on; un l e s s t h e y are s e t up f o r a s p e c i f i c 
v a l v e , as p e r the Da ta Shee t , i n w h i c h case t h a t v a l v e o n l y must 
be i n s e r t e d ' i n i t s a p p r o p r i a t e h o l d e r . 
The E l e c t r o d e S w i t c h e s must on no account bo r o t a t e d un less 
the U . V . C . I ^ . i s s w i t c h e d o f f . 
The equipment must be used o n l y w i t h a s p e c i a l l y m o d i f i e d 
Cossor Double Beam O s c i l l o s c o p e , wh ich w i l l be l a l i e l l e d a c c o r d -
i n g l y , o t h e r w i s e an i n v e r t e d o r r e v e r s e d t r ace may r e s u l t , end 
a l s o i t w i l l be i m p o s s i b l e t o suppress the f l y - b a c k , - w h i c h w i l l 
g i v e r i s e t o " l o o p e d " c h a r a c t e r i s t i c s . 
The screened l e ads p r o v i d e d must be used f o r c o n n e c t i o n t o the 
o s c i l l o s c o p e . 
5. .'/ARNING.. 
-MW THE MASTER S>7ITCH IS AT l a / V g TffiJRE IS A HIGH VOLTAGE 
B;2TVffiEN THE "E" TERMD^i^L OP THE U . V . C . D . M D CHASSIS.' 
BESIDES OBSERVING PRECAUTIONS I N H '^UX^DLING TEE SCREENED LEADS 
CARE MUST BE TAKEN TO SEE THAT THE SCRSElvTING DOES NOT COMG INTO 
CONTACT ../ITH THE CH/lSSIS, OR THE U . V . C . D . Ml^ BE D -^MAGED. 
ON THE l a / V g POSITION THERE IS . A DIFFEREDICE OF ABOUT 250V 
BET..-/EEN THE Cm^SSIS OF THE U . V . C . D . AND T E H T OF THE OSCILLO-
SCOPE. 
6. . OVERLOiiD CIRCUIT. 
T h i s w i l l opera te and cu t o f f a l l s u p p l i e s i f the U . V . C D . . i s 
o v e r l o a d e d i n any way. 
" C h a t t e r " o f the o v e r l o a d r e l a y w i l l i n d i c a t e t h a t the l o a d i s 
becoming e x c e s s i v e . 
To R e - s e t . S.i'ITCH OFF THE U . V . C . D . and remove the overload- . 
On s w i t c h i n g o n - a g a i n the equlpment w i l l .be w o r k i n g n o r m a l l y . 
I f t he U . V . C . D . i s n o t s w i t c h e d o f f the o v e r l o a d c i r c u i t 
b r e a k e r w i l l r e m a i n i n o p e r a t i o n . 
S h o u l d the O v e r l o a d C i r c u i t B r e a k e r opera te w h i l e a va lve i s 
b e i n g d e m o n s t r a t e d , s w i t c h o f f and e i t h e r increase, tho b i a s o r 
reduce the s c reen -vo l t age b e f o r e s w i t c h i n g on : ' . ; . r . in . 
4-. 
Pap;e No a. 2 . 
"SETTINd-UP''-. 
BJPOEE SWITCHING ON TIffi U c C „ V , D , : -
P l u g v a l v e i n a p p r o p r i a t e s o c k e t and f r o m the da t a p r o v i d e d s e t 
the E l e c t r o d e Swi t ches t o the c o r r e c t p o s i t i o n s , -.nsure t h a t the f i l -
ament v o l t a g e s e t t i n g i s c o r r e c t , and f o r I n t e r n a t i o n a l O c t a l v a l v e s 
see t h a t the f i l a m e n t p i n s e l e c t o r s w i t c h i s i n the c o r r e c t p o s i t i o n 
(eo.n;, 2/1). Make sure t h a t t he r e i ^ i some b i a s a p p l i e d to the v a l v e r 
The U . V . C . D . may then-be s a f e l y switche-d on . 
O . sc i l l o scope 'Ss t t in .o :sa 
The CoR.O.c Time Base i s n o t used. T h i s i s e.C'ected by p l a c i n r ; 
the Time Base coarse c o n t r o l i n p o s i t i o n 1 , The o t h e r Time Base 
c o n t r o l s on the C R . O . w i l l t hen n o t a f f e c t the t r ace 'oroduced by 
the U . V . C . D , 
Other c o n t r o l s n o t o p e r a t i v e : - SYNC. Y2 AMP. 
N . B , v'^en the U,V.C = D . i s " o f f " the spot w i l l n o r m a l l y be 
s t a t i o n a r y on the screen., To ensure t h a t the screen i s n o t b u r n t , 
t h e r e f o r e , whenever the U . V . C . D o i s switch-sd o f f the B r i l l i a n c e con-
t r o l s h o u l d be t u r n e d down -'^ ^ ".-lacL s:.': the s p o t , or the Time Base 
s h o u l d be t e m p o r a r i l j s w i t c h e d on . 
MASTER S J I M Set t o "AMP, Y 1 , Y2"', 
^i..S^JZTj Y l SHIFT, l'L^^> ZQlii 'li '• Set as r G g u i r e d , 
T y I M P s e t t i n g s h o u l d n o r m a l l y be l e f t a t zero f o r bes t 
r e s u l t s ) , 
BRILLIANGE, T h i s c o n t r o l s h o u l d be r o t a t e d i n an o n t i - c l o c k -
wise d i r e c t i o n ' j u s t s u f f i c i e n t l y t o e n t i r e l y e l i r n i n a t e the f l y - b a c k 
t r a c e s The t r a c t o b t a i n e d s h o u l d then be c l e a r I j r v i s i b l e i n a s emi -
da rkened room'. 
.Y2_SHIPT. The Y2 t r a c e may be used t o i n d i c a t e the X axiSo I n 
t h i s case the A2 t e r m i n a l on the G . R » 0 . s h o u l d be connected to the 
' 'E" t e r m i n a l , ' ' • 
I t must be remembered t h a t as "double en-'.ed" a i T i p l i f i e r s a r e 
used i n the C:.R.O. any a d j u s t m e n t of the Y l - CP w i l l a l t e r the p o s i -
t i o n o f the X a x i s , and when u s i n g ths Y2 t r a c e f o r t h i s purpose care 
must t h e r e f o r e be t aken n o t t o intro.'^.uce. unnecessary c o n f u s i o n to 
the p u p i l s because o f t h i s phsnomenon» 
N o r m a l l y the Y2- t r a c e s h o u l d be s e t o f f the sc reen . 
IcVVp;. 
H a v i n g f o l l o w e d the " S e t t i n g - u p " i n s t r u c t i o n s , s w i t c h on , w j t h 
the s e l e c t o r s w i t c h se t t o l a /Vg- , 
Set the .-inode V o l t a g e C o n t r o l t o maximum. 
The Scrsen V o l t a g e c o n t r o l w i l l h a v j no e f f e c t on trio-dcs-, F o r 
scposnea g r i d or pentodo v a l v e s so t the sc reen volt^..';;e': t o the o p t i -
mum v o l t a g e i n d i c a t e d i n thu u.iua suu^;:-o 
Set the B i a s C o n t r o l t o g i v e the approx : v o l t a g e i n d i c a t e d i n 
t he da ta shee t , and the G r i d D r i v e C-on-urol to a s l i f ' : h t 7 . y high02? 
v o l t a g e , . • 
'iJrtless s p e c i a l e f f e c t s arc to be .^hown the Sup-oressor G r i d 
S w i t c h s h o u l d be l e f t a t "G" (CathodG,) c 
A d j u s t G , B . , CTRII) DRIVE, . and Y l AI,!P f o r b o s t r e s u l t s . 
T h e ' e f f e c t on hho C h a r a c t s r i s t i c o f a l t e r i n g the Screen and 
_nocle - p o t e n t i a l s can 'now bo observed^ 
Oncvi the optimum s e t t i n g s f o r the G .B . C o n t r o l , the G r i d D r i v e 
C o n t r o l and the ! f l AM? havs •;.-;;c.':: G... t u r m i n e d these shou ld n o t be a l - -
t e r s d unless , i t l o d e s i r e d t o demonst ra te s p e c i a l e f f e c t s -
G r i d curr -snt s h o u l d n o t be a l l o w e d t o f l o w . 
"SETTING-UP" 
l a / V g c o n t i n u e d . 
E f f e c t o f t o o mueh b i a s . 
I age No .3« 
b i a s p o i n t 
1 
; ' j ] f f e c t o f t o o l i t t l e b i a s 
F l a t t e n i n g due t o f l o w o f g r i d c u r r e n t . 
: . - b i a s p o i n t 
E f f e c t o f t o o l i t t l e G r i d D r i v e . 
E n l a r g e d ' p o r t i o n o n l y o f c h a r a c t e r i s t i c , 
b i a s p o i n t . 
E f f e c t o f t o g g r e a t G r i d D r i v e , 
F l a t t e n i n g due to f l o w o f g r i d c u r r e n t , 
- b i a s p o i n t . 
Combined e f f e c t o f t oo much G.B. and G r i d D r i v e . 
- — • • ' . • ;-"7bias p o i n t . 
E f f e c t o f too much Y l AI^ IP g a i n . 
; b i a s p o i n t , 
C h a r a c t e r i s t i c s R e q u i r e d 
Va and Vs 
' | . " . ' - b i a s p o i n t 
l a / V a . 
' W h e n - s w i t c h i n g f r o m I a / V g ' t o l a / V a , o r v i c e v e r s a , s w i t c h o f f . 
Observe " S e t t i n g - u p " i n s t r u c t i o n s and s w i t c h , o n , . w i t h s e l e c t o r 
s w i t c h a t l a / V a and Anode V o l t s a t MIN. (pos . l ) , ' 
The G r i d D r i v e C o n t r o l is^ .not i n . c i r c u i t . 
Set -Yl .A.J,CP f o r b e s t r e s u l t s ; , and then do n o t a l t e r . 
': . The, Suppris-ssor ' 'Grid s w i t c h - s h o u l d be l e f t a t "C" un l e s s s ' ^ec ia l 
e f f e c t s are r e q u i r e d . 
The e f f e c t on the C h a r a c t e r i s t i c o f a l t e r i n g the sc reen end g r i d 
p o t e n t i a l s can-now be shown;. •, - • 
SEE-ALSO "INSTRUCTIONA.'.. . OPERATION"'. 
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i d If 
1 
C i r c u i t Diagrams. 
2 . la/Yp: CURVES. 
Page No.5 . . 
A s i n u s o i d a l t ime base f o r the X p l a t e s i s p r o v i d e d b;- the 
v o l t a g e across R l . A v o l t a g e v a r y i n g a t the same f r e q u e n c y i s a p p l i e d 
f r o m R2 t o the g r i d o f the v a l v e under ' ' t e s t " , a l t e r n a t e l y - o p . . - o s i n g 
and a s s i s t i n g the s t a n d i n g , G .B , The p o s i t i o n o f the spot a l o n g the 
X a x i s w i l l t h e r e f o r e c o r r e s p o n d t o the v o l t a g e a p p l i e d to the g r i d 
o f the v a l v e . 
The v o l t a g e across the anode l o a d w i l l cor respond t o the anode 
c u r r e n t , w h i c h , i n t u r n , w i l l co r re spond t o the g r i d v o l t a g e . I f t h i s 
v o l t a g e i s a p p l i e d t o the Y p l a t e s the spot w i l l t r ace a d i s t a n c e i n 
the v e r t i c a l d i r e c t i o n c o r r e s p o n d i n g t o the cnodc c u r r e n t , .-.s the two 
movements o f the spot are combined i i : w i l l t r a c e out the l a / V g Curve . 
The anode l o a d i s c o m p a r a t i v e l y . s m a l l so t h a t the c h a r a c t e r i s t i c s 
o b t a i n e d w i l l be n e a r l y the " s t a t i c " c u r v e s . The o u t p u t i s t h e r e f o r e 
s m a l l and the use o f the Y l a m p l i f i e r i s n e c e s s i t a t e d . 
Making the l o a d too s m a l l wou ld cause the mode c i r c u i t to be 
m a i n l y c a p a c i t i v e , t h e r e b y c a u s i n g a phase s h i f t i n the anode v o l t a g e , 
ao t h a t i t wou ld n o t c o r r e s p o n d d i r e c t l y t o .the g r i d volta^ge. The f o r -
ward and r e t u r n t r a c e s w o u l d then be b a d l y o u t o f a l i gnmen t and a 
l a r g o l o o p w o u l d r e s u l t . 
To overcome t h i s tendency the smooth ing condenser i s made l a r g e 
and a s p e c i a l c i r c u i t i n c o r p o r a t e d i n the C . R . O . to " b l a c k - o u t " tho 
r e t u r n t r a c e i f necessary =, 
A l t h o u g h the r e s i s t a n c e i n the g r i d c i r c u i t has been made as 
s m a l l as p o s s i b l e , g r id . , c u r r e n t due to p o s i t i v e g r i d d r i v e s t i l l damps 
the - ' d r i v e " c i r c u i t , r e d u c i n g the d r i v e and " f l a t t e n i n g " the top o f 
the g r i d c h a r a e t e r i s t i C c The peak g r i d - - d r i v e should" t h e r e f o r e be 
a d j u s t e d :-so • t h a t g r i d c u r r e n t does n o t f l o w . 
The f i l a m . c n t humdinger i s t o e f f e c t i v e l y c e n t r a l i s e b a t t e r y 
f i l o i ^ i c n t s t o ea r th , : 
.Oy v a r y i n g the. anode and screen v o l t . g G S " f a m i l i e s " o f l a / V g 
^'Jrves oa.-t. be ob ta inedo 





To produce an la/Va c h a r a c t e r i s t i c the X pl a t e s again have a 
- si n u s o i d a l time base applied, t h i s being obtained from the voltage 
across R l . The anode voltage also v a r i e s s i n u s o i d a l l y from j u s t below 
zero, when the voltage across R l and R2 opposes the anode supply, 
• t o about 35OV v'/hen t h i s voltage assists' the anode sapply, Distcnces 
moved by the spot i n the X d i r e c t i o n therefore represent the anode 
voltages. 
The corresponding v a r i a t i o n s of anode current develop a voltage 
across the anode load, which i s applied fe,G the Y plates ( v i a a m p l i f i e r ) . 
Distances moved by the spot i n a v e r t i c a l d i r e c t i o n therefore corres-
pond t o the anode current. 
Combination of the two movements produces the re q u i r e d lo/Va 
' Curvei 
The r e t u r n trace may be "blacked-out" i f necessary. 
"Families" of la/Va Curves can be obtained by varying the g r i d 
and screen p o t e n t i a l s . 
A. MODIFICATION FOR C;R:0 
FLYBACK SUPPR-CiSSION: 
1 I ( K 
^ t ( 
1 
< » » » 
B. INTERCONl-iECTIOW: UPPER MD LOviTER PANELS 
&0 tf-A/r 
Rear Panel, 
Coseor C.R.O. Type 10 
I n t e r n a t i o n a l Octal 
Plur; 
25 Ov/ 
B r i t i s h Octal 
Plur; 
Circa.lt Diap;rgjns. 









- • i t - -
7in overload on the H.T. c i r c u i t w i l l cause r s l a y "A" to "bocome 
energised, and an overload on the bias c i r c u i t w i l l cause r e l p y "3" 
to "become energised. . S i m i l a r l y an overload i'lvolving both c i r c u i t s 
t i l l cause both relays "A" & "B" to become energised. The energising 
of e i t h e r "A" or "B" r e l a y w i l l close e i t h o r • c o n t a c t s 1 or 2 resoect-
iV6ly» E i t h e r of these w i l l complete the "C" r s l ^ y c i r c u i t and there-
by close .contacts 3^? 3b., k and 5» ' ^ 
Contact 3b w i l l open the bias c i r c u i t , i s o l a t i n g any overload 
i n t h a t c i r c u i t , and 3a w i l l act as a "holding'' .contact f o r "C" relay* 
Contacts 4- and 5 w i l l open the input c i r c u i t of the H.T. R e c t i f i e r s , 
i s o l a t i n g any overload i n the H.T. section. 
When the overload i s i s o l a t e d "A" & "B" relays w i l l be de-
energised, and contacts 1 and 2 w i l l open. The "C" relay contacts 
( 3 a and 3b) are such tha t the "C" r e l a y i s energised before t h i s 
occursr 
The overload having been removed, i n order to de-energisc 
"C" r e l a y the On/Off switch must be opened. 
Two 1 Amp fuses i n the mains input loads provide a d d i t i o n a l 
^Jrotection. 
The " c h a t t e r i n g " of e i t h e r ">." or "B" r e l a y indicates t h a t 




The object of these demonstrations i s not to replace t h e i r 
work on the,valve boards, but merely to show the p u o i l s very e a s i l y 
and q u i c k l y ' s e v e r a l i n t e r e s t i n g f a c t s which thsy would not normally 
discover themselves, '/hilst the p l o t t i n g of c h a r a c t e r i s t i c s on 
graph paper helps the p u p i l s to remember the s a l i e n t differences 
between, say, a t r i o d e and a pentode, the advantage of an o s c i l l o -
scope i s tha t every member of the class i s seeing the sriiic t h i n g ; 
whereas on i n d i v i d u a l experimental boards, a slow p u p i l may never 
f i n i s h a l l the experiments, or a st u p i d one complete one i n c o r r e c t l y . 
The o s c i l l o s c o p e , i n the hands of a competent operator, can produce 
c o r r e c t curves i n a short space of time, and a s s i s t an i n s t r u c t o r i n 
p u t t i n g over the "gon"o 
Another important p o i n t i s that an oscilloscope w i l l show 
the class what happens as the valve warms up. -This mry not seem of 
groat importance, but the c o n t r o l l i n g e f f e c t of the electrodes varies 
w i t h e l e c t r o n d e n s i t i e s , and a wealth of information i s included 
i n t h i s b r i e f p e r i o d , which can be shown on the screen. 
Precautions. F i r s t , read General and Setting-up I n s t r u c t i o n s 
carefullyo 
RULE: IF IN DOUBT S -ITCH OFF. 
nsn comparing valves i t i s easy to f o r g e t t o a l t e r the elec-
trode svvitches and fi l a m e n t voltage s e t t i n g s , e s p e c i a l l y the l a t t e r . 
Due care i n these matters, apart from the consideration of equipment 
being dainaged, w i l l prevent the demonstration being: s p o i l t by 
unnecessary i n t e r r u p t i o n s , due to burnt out valves, etc.. 
N,_Br, 'Top cap connections and m e t a l l i s i n g may be at a high 
p o t e n t i a l witih respect to chassis; therefore be c . r e f u l when 
handling them, and also, do not l e t them "short" to the case. 
,7hen comparinir valves do not a l t e r the Y l .amplifier s e t t i n g . 
The possible v a r i a t i o n s of la/Vg c h a r a c t e r i s t i c s between 
various types, of valves i s Limited, but i t i s i n s t r u c t i v e t o i l l u s -
t r a t e the di f f e r e n c e between a s t r a i g h t and variable-mu valve. 
As I t i s d i f f i c u l t to get the. la/Vg curve of a valve accurately 
at the f i r s t s e t t i n g of the c o n t r o l s , i n order not to confuse the 
tra i n e e s unnecessarily the i n s t r u c t o r should make himself thoroughly 
conversant w i t h the c o n t r o l s before attempting to give a demonstra-
t i o n ^ 
\?.?£i^:3.!!iX!^^'' (See the appropriate section f o r Control Settings ojid 
optimum vol t a g e s ) . 
Triode Sit. 
Compare the slopes of a VR21 ( l o w ) , VR40 or VT IO5 (medium), 
and W 505 ( h i g h ) , 
Show the e f f e c t of vary i n g the anode voltage i n a l l cases., 
s l i g h t v a r i a t i o n i n slope i n each case, and shortening of " g r i d 
base" as Va'is decreased. 
Note large d i f f e r e n c e s i n case o f Vr 4-0, i n d i c a t i n g low Ra, 
This can be confirmed by comparison of i t s la/Va slope \ / i t h that o f 
the ofche::- valveSv 




Compare VR 18 and VR 28 slopes. 
These show very c l e a r l y the d i f f e r e n c e betv/cen s t r a i g h t and 
vari-mu valves. 
I n eacli the e f f e c t of v a r y i n g screen Dn.d anode v o l t s can bs 
shovm. The anode voltage w i l l have l i t t l e ' e f f e c t , i n d i c a t i n g a' high 
Ra (can be shown on the la/Va Curve), while i t i s c l e a r l y shown that 
the screen voltage has a f a r greater c o n t r o l over the valve* 
The chojige of slope, etc.; for' d i f f e r i n g screen voltages 
should be noted. 
Pentodes and Beam Tetrodes. 
'.""These are v e r y " s i m i l a r and cny valves may be chosen. 
Again, slope v a r i a t i o n md the f a r greater c o n t r o l shown by the 
screen voltage than the anode voltage can be demonstrated. 
I t i s i n s t r u c t i v e to compare the steep elope, short g r i d base, 
.^^ r 9 1 w i t h the vari-mu VR 55,. 
I n the case of some VR. 91. s connecting the suppressor g r i d to 
tho g r i d w i l l change the curve from one " s t r a i g h t " to the vari-mu 
type. . 
NnB- 3o,ms steep slope valves (VR 505 end vR 91) show a 
tendency to o s c i l l a t e on the la/Vg s e t t i n g of the Selector 
Bwitch'o 
m the case of the la/Va c h a r a c t e r i s t i c s the two axis are 
i n d i c a t o d by a ''.niarlcor l i n e " 
.••-v "Ay.*,", V 
J - -• 
... ' ' I 
Tljls i s obtained by using the min. pjiode v o l t s p o s i t i o n . The 
':oaV; A»Co swing i s then higher thcji .the anode D°.C. p o t e n t i a l and 
OJ.1 the negative h a l f - c y c l e the anode w i l l go negative, producing the 
/••marlfer l i n e " as show.a. 
I n order to shorten the "marker l-'.ne" ana thereby show more 
of the curve, Anode V o l t s s e t t i n g No.2 may be used w i t h some valves; 
but care must be taken not t o 'eliminate the marker l i n e e n t i r e l y . 
.S,]i£;£iv,stions, (See the app.T'opriate section f o r Control Settings, and 
Optimum Voltages), 
31ri .odes.o 
""Con.rpare the slopes o f a VR 2 1 ( h i g h Ra), Vr 40 or VT 105 
(low Ra), and Vr 38 or VR 505' (medium Ra), 
The e f i c c t of varying the G.B, can be shown i n a l l cases -
";-.ov/rcent''. of slops to r i g h t i n d i c a t i n g reduction of a l l . anode 
curren-'-.s an G.E. increases. ' 
VariauJ.on of slope (Ra). 
TetroAeSc 
"""'faese .are the most i n t e r e s t i n g of a l l the curves. 
The "Aink" should be c l e a r l y shown, and i t s r e l a t i o n to the 
''hiarke-' line";, e s p e c i a l l y where i t goes below the l . i . t t e r , i n d i c a t i n g 
'".reverse current"» 
The e f f e c t of varying screen p o t e n t i a l s on the "depth" of the 
"kink' i s rartioular'-.y i n s t r u c t i v e . 
Valves. VR 18 or VR 28, and VR 107 ( n i t b osc. g r i d and 
anode not -'isecT. 
V a r i a t i o n of bias has l i t t l e e f f e c t on the shape of the curve, 
serving mainly to a l t e r i t s ejnplitudo* The slope of the "working" 
p a r t of the curve shows s l i g h t d i f f e r e n c e s f o r d i f f e r e n t bias 
valiio s. • . 
I n s t r u c t i o n a l . Operation. 
la/Va (Continued). 
Beam Tetrode.s. VR 100, VR 118, VT 60 or VT 75A. 
These .curves should be very s i m i l a r to those obtained by pentodes, 
w i t h the exception of a sharper "knee" where the curve bends ovdr. 
...ttention should be drawn to these f a c t s . 
The above only hold true i f the current bias i s applied, so 
care should be taken i n t h i s d i r e c t i o n . 
The e l e c t r o n d e n s i t y between screen and cnodo i s a c o n t r o l l i n g 
f a c t o r i n beam tetrodes, as i t helps to r e p e l secondary emitted 
electrons from the screen. Too low an e l e c t r o n density w i l l there-
f o r e allow secondary electrons to reach the screen and produce 
traces of a "kink". Increasing the bias negatively beyond the 
optimum working p o i n t w i l l produce t h i s k i n k , and t h i s tendency of 
beam tetrodes should be demonstrated. 
As the VR 118, VT 60A and VT 75A are output valves the slope 
of the working p a r t of t h e i r curves w i l l be f a i r l y steep, i n d i c a t i n g 
a moderately low Ra, This slope, and also the; amplitude of the 
curve can be v a r i e d by a l t e r i n g the screen . p o t e n t i a l . 
Pentodes. 
Compare . R.F. pentodes (hi g h Ra)', e.g. V E 91, VR 53» VR 106, 
w i t h output pentodes (moderate Ra), e.g. VT 51> VT 52, and show the 
e f f e c t , o f . v a r y i n g bias and screen p o t e n t i a l s . 
The bias voltage i s very c r i t i c a l i n the case of the VR 91. 
The vari-rau valves (e.g. VR 53) show the changing degree of 
c o n t r o l exercised by the G,B. as i t i s increased. 
V T 52. jis t h i s valve has a max: anode d i s s i p a t i o n of 5-/ the 
bias must""not be decreased below -7.5V or t h i s f i g u r e i s l i k e l y to 
be exceeded, .-^ .t high bias values, as the suppressor g r i d p i t c h 
i s wide i n an output pentode, the reduction of e l e c t r o n density 
w i l l produce a small k i n k , which can be shown, 
A s o f t valve w i l l give a curve as shown:-
\ 
This d i s t o r t i o n can be e l i m i n a t e d by increasing the bias above 
~7»5V, thereby increasing the anode voltage necessary to produce 
i o n i s a t i o n . 
Suppressor Grid Switch. 
For pentodes i n which the suppressor g r i d i s brought out t o ' 
i t s own p i n (e.g. VR53J VR 91j VR 106) an i n t e r e s t i n g and e d i f y i n g 
demonstration can be given by f i r s t connecting the suppressor g r i d 
to the screen g r i d (G2), thereby e f f e c t i v e l y making the valve i n t o 
a t e t r o d e . 
The la/Va curves r e l a t i n g to a tetrode can then be"shown f i r s t , 
proceeding•as f o r a normal tetrode demonstration. Then the e f f e c t of 
the " i n c l u s i o n " of the suppressor g r i d can be c l e a r l y and d e c i s i v e -
l y shown by connecting, i t to the cathode. 
'/arming Up. 
To show the e f f e c t of the warming up period f o r e i t h e r la/Vg or 
la/Va curves,the U.V«C.D. should f i r s t be set up to give the required 
f i n a l c h a r a c t e r i s t i c of the valve i n use. The valve should then be 
removed and. allowed to cool.' On plugging i n again the required 
e f f e c t s w i l l be shovm. (e.g. a l t e r a t i o n of slope and e a r l y e .tura-
t i o n ; . 
The forego'ing i s by no means the l i m i t of the scope of the 
Page No. 12. 
I n s t r u c t i o n a l Operation (Continued).' 
U.V.C.D., but a s e l e c t i o n of i t s most useful a p p l i c a t i o n s f o r 
t r a i n i n g demonstrations. 
The competent i n s t r u c t o r ' s h o u l d be abla to v;ork out a 
s a t i s f a c t o r y programme of his own, i f necessary, to s u i t the 
standard of h i s p a r t i c u l a r class. 




Base EL J 3T:i.0D.:r s .^ /ITCH POS I TI0N3 , SCR3EN la/Vg MIN 
(See 
below) 
Anode . G r i d 





Cathode F i l 
Vol 
Opt Max J . 0 » 
A.ppro 
~i " J 
VIil8 B4 
a 
T C I 2 . 1 OFF OFF 2.0 120 120 -12 0 
VT20 B4. I 2 OFF OFF OFF .^0 - - -14 . 0 
VR21 B4 1 2 . OFF OFF OFF 2.0 - - -10 0 
VR22 B4 1 2 OFF .OFF OFF 2.0 - -12 0 
VR27 B4 1 2 OFF OFF OFF 2.0 - -10 0 
VR28 B4 T C I 2 1 OFF OFF 2.0 120 120 -12 0 
VR38 B5 1 2- OFF OFF 4.0 , - - 7 0 
VR40 B4 1 2 OFF OFF OFF 4.0 -14 -4 
vTsni B5 • 1 . 2 5 OFF OFF 2.0 120 120 -12 0 
VT52 1 .0 . 3 T.C.2 OFF a 6.3' 150 200 -20 -7.5 
VR53 1.0.. 3 T.C.2 4 5' S •6.3 200 200 -15 0 
VR57 1 .0., 3 T.C .2 4 OFF 8> 6.3 150 150 -10 0 
VT6OA USM5 T.C.I 3- 2 OFF 4' 6.3 120 200 -12 -3 
VT75^ B7 ' T.C.I '2 7 •3 6 4.0 100 100 -10 -4 
VR91 .B9a 3 7 2 4 6 6.3 200 200 - 2 0 
VR99 1.0.. 3 T.C.2 4 OFF 8; 6.3 200 200 -12 0 
VRIOO 1.0 3 T.C.2 4. OFF •8 6.3 200 200 -25 0 
VRlOl 1.0 3 T.C.2 OFF OFF. a 6.3 - - -10 0 










6.3 . — - -15 0 
VTIO5 B5 1 : 2 - OFF • OFF 5 • 6.3 -15 -5 
VRIO6 B7 • 2 T.C,2 7 3 6 13.0 150 200 -12 0 
VRIO7 B7 7 T-.C.2 3 OFF 6 13.0 120 200 - a 0 
VRIO9 B7 7 T.C.2 OFF • OFF 6: * 13.0 - - 3.5 0 
VR118 B5. 1. 2 5- OFF OFF 2.0 200 200 -10 0 
VR5O5 B5 ' °1 ,2 OFF OFF 5 4.0 
• 
- - - 2 0 
The filamen.t p i n s e l e c t o r switch p o s i t i o n f o r a l l the above 
va l v e s i s 2/7.For valves not l i s t e d above check f i l : p i n s ) . 
VALVE BASE ABBREVIATIONS-
B4 B r i t i s h - S t a n d a r d 4-pin 
B5 B r i t i s h Standard 5-pin 
B7 B r i t i s h Standard 7-pin 
1,0. I n t e r n a t i o n a l O c t a l 
B9G, B r i t i s h 9-pin G l a s s 
USM5. .jnerican Medium 5-pin 
N . B . . For E l e c t r o d e Switch s e t t i n g s and f i l : v o l t s of valves 
~" other than those l i s t e d above see VaLV;:] T.'.STER, TYPE 4A, 
m-iNDBOOK; (A.'P.2537B, V o l : l , FIRST E D I T I O N ) . 
- AERIAIi INSTRUGTIOlEr-
Frequency Measurement •* Use of tuned feeders* 
^ 5 v a x . .... 
COIL 
The above osGiXlatdr iS' Used for -thie eixjieriment^ 
I t must always "be renBmbered that the H.T, supply i s 75P volts 
and under no consideration should the' ediode l i n e s "be touched or 
any; adjustment mde awithout ^ i r s t swltcTiihg off the^ ^ il.TV siipply. 
Connect the coupling l i n k v i a twisted f l e x td 'ohe eW bf^^^  a 
lecher "bridge* Switch on the L,T» supply tl^en the H.T. supply* 
t a ) S t a r t i n g from the feed end of the lecher .eaSevle. adjust; the p^^sl-tion of the -shuntinlf laridge ' i ^ 'appear on the^ lecher l^nesv A , ; ..i^ i -^  .; -t ^ • ; ^ 
This position can best he found-by holding a pea lapp 
attached .to a; loop wire so thati^^ the loop i s looefel^ boupled 
to the anode c i r c u i t of the o s c i l l a t o r ; when standing waves 
developed on the^ l i n e s , the b r i l l i a n c e of this p^a. lamp 
coupled to the anode c i r c u i t w i l l . f a l l off sharply* 
:. ;j does this , o^cur?^ - ' A r * •:. : • A ' 
Take the reading-' of. the position of the' Shunting; bar on the 
, bridge*. :-' ci..- .Ah. A.-.:. ; v,'-A .^ —' •  -AA^ ;;;;-:.:• 
(b) Move the shunting bar farther from the fed end;bf the. lecher 
l i n e s : u n t i l , a ^ second position" i s obtained when standifag ^ yaves 
are developed. ;A.v O' . H ^ - , . 
Note the position of the shunting bar. „ .,• 
(e) Determine, a J: third positiom'of the shunting bar, ih\^hich 
standing waves are developed on the lecher wires.' " 
With.the aid of. the detectcir device iprovided determine the 
position of currept. and voltage nodes euad antinodes o^ the 
lecher system. A: -- ^  • 
Draw a diagram to i l l u s t r a t e the standing current Itad ,, 
voltage .\waves, on the J-echer - systemi* -
ipdicate pojjats of maximumi and minimum impedance. ' . 
(Jhange the frequen<iy of tlie O s c i l l a t o r s l i g h t l y do 
standing waves s t i l l appear on the lecher l i n e s * 
Why i s this? 
Compare the differences between readings (b) & (a) and 
(c) & (b) obtained above* 
Calculate the frequency of the o s c i l l a t o r output* 
V?hv i s i t not good practice merely to take the f i r s t reading 
(a ) when carrying out frequency measurements* 
/ 2 * 
2» Adjust the poaition of the shunting bar i n the 0 B C l l l a t o r _ ^ . 
anode f i r s t f or highest and then for lowest frequency 
output. . . - c . . 
Using the lecher systeim determine the frequency range of the 
o s c i l l a t o r . 
3» Adjust the o s c i l l a t o r for operation at 200 Mc/s. 
(a) Method of using tuned feeders to centre feed a half wave a e r i a l . . 
Connect the coupling " c o i l " to the feeders (marked "A") 
by means of twisted f l e x . 
Ccainect the brass shunting link, across the unfed ends 
of the feeders and adjust i t s position u n t i l a current 
antinodes appears at the shunted end* 
How can t h i s be done with the detector device provided. 
Without a l t e r i n g the length of the feeders which are now 
co r r e c t l y tuned remove the shunting l i n k and attach adjust-
able tubes to each feeder. 
Adjust the length of these tubes simultaniously u n t i l maximum indicati o n i s obtained i n the attached pea lamps 
( 2 v • 3 amp). 
Draw a diagram showing the current d i s t r i b u t i o n along the feeders and a e r i a l . What happens i f 
' i ) The a e r i a l i s not symmetifically adjusted. 
, l i ) One end of the a e r i a l i s earthed, 
i i i ) The frequency of the o s c i l l a t o r i s changed. 
Account,for these r e s u l t s . 
Why have the, .above two steps been effected i n order to 
feed the dipble? : . .. ; , • 
, Misaisure: the iengths. of feeders . a i ^ dipole. - - « 
Do your measurements agree with ..ttjeQi.gtical conside r a t i one. 
I f ho*t/'hciw cwi you suggest any possible explanation for 
these , d i B c r e p M i c i e s . - • -/ '•• 
4.(a*) Method'o'f using tuned feeders to end feed a h a l f wave a e r i a l . 
, Wi th the traiismi tter^- adjusted.-foi^ operation a t '200 Mc/s. 
Connect the coupling c o i l to the feeders (marked B) 
by means of . the twisted-flex lead. >. r . ' . i . . . 
AdjuBit .'th^ e. operi en^Ls^ 'p^^^^ waves 
. aj^eeLt. oh. t'he te^ ; vJ. . - tt • 
What i s the besti n»thod of c;hepking:thiB with the debtor^ 
device provided? • ' - • . .. D , , ^ 
Connect the adjustable a e r i a l to one feeder^and vary i t s 
length for, maximumi indication, of;aerial;, current* 
Outilihe the current and voltage d i s t r i b u t i o n dta both feeders 
..and a e r i a l . . .. - ' > 
What happens-if the frequency of ;the oscillator--output i s 
varied. Why should t h i s occur? . . 
This voltage fed dipole wHhh tuned., feeders which owing to 
heavy' standing Waves and unbalanced. load . on them alwaiys. 
radiate €,o s.dme extent.. :The feeders should therefore be 
kept as short as possible and, are usually made'on odd 
nturbe'r oif quai?ter wavelengths long. > - . . -
Why shibuld t h i s be? ; .. .-> 
*^or low power amattidr tjransmitter work t h i s system i s very 
popular. : •.; '.. o . .; • v: 1. Oive sketches to explain t M . 
f\.P. i ^ l ^ . . ' 
EXPERIMENT MO.2* 
"Y** or Delta Matched Dipole, 
2 
The transmitter provided consists of an M.O. Stage and a push p u l l P*A. 
stage l i n k coupled to a tuned a e r i a l c i r c u i t . 
600; cihmi feeders are provided and an a e r i a l cut to length for 20 
Mc/s operation* 
468 
1 « 20 
How i s thi s expression derived? 
feet. 
The following adjustments are to be mades-
1. With the aid of the modified W.lll? operated from the A.C. 
mains adjust the M.(D* stage to o s c i l l a t e at 20 Mc/s using the 
cal i b r a t i o n chart and correction scale provided. 
2* Tune theF£A.. stage to the M.O* with feeder l i n e s disconnected* 
Check that transmitter i s s t i l l on frequency. 
3* Tur^e the a e r i a l c i r c u i t for maximum' transfer v i a the l i n k coupld)ng> 
What indication can be used for this adjustment? 
I f two 600 ohm feeders are connected about *06 wavelength on either 
side of the centre of a dipole, then i f the i i ^ u t to the feeders i s 
balanced to earth the feeders w i l l carry equal antiphase currents 
as they are correctly terminated i n a balanced load* 
4# Connect the feeders to the dipole as indicated in Sketch below. 
- -6 - - - >1 
For 600 ohrai l i n e s * 
B B *12 wavelength or 






F i n megacycles* 
F i n megacycles. 
The centre of dipole i s indicated by a solder spot. 
Attach^ the other ends of the feeders via the feed me tens to the 
a e r i a l c i r c u i t * Adjust the positions of attachment to the a e r i a l 
c i r c u i t u n t i l the indications of the feeder meters are equal and 
have maximum value* 
I t i s necessary to tune both a e r i a l and P.A. c i r c u i t s ] 
when the feeder taps are changed. - Why should th i s 
be so?. 
Under what conditions w i l l the feeder currents be equal and have maximum value? 
5» Measure thp standing waves on each feeder with the indicator 
provided, and i f the feeder currents are unbalanced move the "Y" 
as a whole, along the dipole to the r i ^ t . or l e f t u n t i l the currents 
are balanced* 
/2. 
STANDINQ WAVE DETECTOR. 
> o 
Hl-
How does this 
detector operate? 
What other type of 
instrument could 
have been used. 
HQiy i s the former 
superior? 
^0 reduce standing waves a l t e r the distance E. s l i g h t l y not - ^3 — • • r * * * * ' WbW.l.V 
moye'l'a few inches w i l l be necessary at 20 Mc/s. 
I f the a e r i a l i s umsymmetrically disposed with regard to 
neighbouring buildings, hangars or ftetal structures (as i n 
laboratory) i t may be found that the. points of attachment of 
feeders giving minimum standing wave ratio are such that the 
feeders are not symnetrically attached to the iaerial. 
The feeder currents should not vary by more than % l±a^, 10^ 
i s beM as good a figure as can be obtained i n the laboratory. 
7* At frequencies i n the neighbourhood of 20 Mc/s slight 
adjustment usually decrease of the order of a few. inches i n C, 
may a s s i s t f i n a l reduction of standing wave" r a t i o . 
I t must be understood that the lengths B & C are c r i t i c a l to 
Bfk inclj and every endeavour i s to be made to obtain minimum; 
standing wave rat i o but the process i s slow and laborious* 
u 
Record your f i n a l measurements for the distances B-& C. 
Describe b r i e f l y the mode of operation of k delta match* 
•oOo-
EXPERIMENT' NO. 3* 
Detection of standing waves on transmission lines* 
The transmission l i n e s are connected to a variable frequency 
V.H.F. o s c i l l a t o r whose output i s i n the neighbourhood of 
200 Mc/s. 
• r I t must be remenibered that voltage i n 
( the anode l i n e i s 750 v* D.C. 
Set the o s c i l l a t o r to i t s middle frequency output by adjusting 
the position of the moveable anode shunting bars to middle 
position. 
Current Diatributioni ' 
1* (a) Place the s l i d i n g current detector labelled C on 
the bridge and adjust i t s position for maximum: 
indication nea.r; the centre of the bridge* Vary the 
place of the indicator coupling loop relative 
to .indicator box u n t i l a reading of about 400 i s 
obtained* 
(hi) Starting at the beginning of the bridge sc&le take 
a reading of the meter deflection* Move the meter 
5 cnu at a time and take corresponding readings 
of meter deflections* 
Note i t i s probably best to read the position of 
the front edge of the indicator over the meter 
scale* 
I t w i l l be noticed that proximity changes the 
readings appreciably: ^ ence always take readings 
when i n the same re l a t i v e position to the lin e s * 
The meter indicates current distribution. 
The c i r c u i t i s given belqw. 
R current l i m i t i n g 
resistance to 
safeguard 
c r y s t a l * 
2* Tabulate a l l readings as below. 






3» Voltage Distribution. 
Place the voltage indicator labelled V on the bridge and 
slide, i t along u n t i l i t indicates a maximum near the centre 
of the bridge* 
Adjust the length of the pick-up a e r i a l u n t i l a meter 
reading of approximately 400 i s obtained* 
/2. 
Beplace the CURRENT indicator on the bridge i n the 
position where the f i r s t current reading was taken. - Note 
the positiofi of the centre of the pick-up loop. 
Remove the current indicator and place the VOLTAGE 
indicator i n such a position that the PICK UP AERIAL 
OCCUPIES THE SAME POSITION AS THE CENTRE OP CURRENT LOOP 
OCCUPIED. 
Take the reading of the voltage indicator* 
Move the indicator forward by 5 cm. steps taking correspond-
ing meter readings* Hence comple the table shown above. 
The meter indicates voltage distribution. 
The c i r c u i t i s .given below. 
WtUh—f 
4* Plot these readings of current and voltage distribution -
i s there any apparent relationship? 
§. Short the remote ends of the feeders and repeat the experiment. 
6. Place the two indicators at voltage and current antinodes 
respectively and change the frequency of the o s c i l l a t o r . 
Are the meters s t i l l at antinodes. 




The Type J A e r i a l . 
A. This a e r i a l , which i s employed i n the Service for V.H.P. 
work i s a combination of an end fed half wave a e r i a l 







The a e r i a l i n the 
laboratory has been 
assembled for 200 Mc/s 
•operation. 
( i ) Attach the 
coaxial socket carry-
ing a brass" spacing 
bar.as shown at A, 
by screwing the pro-
jecting end into the 
bottom of the longer 
a e r i a l member. Conn-
ect the spacing bar 
to the shunter member . 
of the a e r i a l by mesms 
of a 4 B.A. bolt at 
B. I t may be necessary 
to r a i s e or lower 
the shunter-member of 
the a e r i a l system, by 
slackening the two 
holding bolt located 
i n the insulating . 
supports. 
( i i ) Connect at A one plug of the coaxial feeder 
labelled X. (Z « 50 ohmsj. o 
( i i i ) Connect the socket on the chassis to the output 
coupling c o i l of the o s c i l l a t o r by means of the twisted 
f l e x leads provided. 
( i v ) Connect the other end of the coaxial feeder to 
the socket on the o s c i l l a t o r chassis. 
(v) Switch on the o s c i l l a t o r and adjust the output 
frequency for maximum indication i n the longer 
member of the aerial'. 
Why should there be one pa r t i c u l a r frequency at which 
t h i s condition i s s a t i s f i e d . 
Draw a diagram to i l l u s t r a t e current and voltage 
distr i b u t i o n on both members of the a e r i a l . 
I n this case since the o s c i l l a t o r output -power i s 
small useful information may be ontained by 
touching the a e r i a l at certain points. 
The quarter wavelength section of the J a e r i a l i s 
incorporated to match the coaxial feeder to the open 
end of the h a l f wavelength a e r i a l . 
Hence i f Z Z^ are the impedances of the feeder, X a o the a e r i a l at a voltage antinode and the quarter 
wavelength section. 
For optimum match. 
Z « Z o f a 
Using a 50 ohm coaxial cable (Z^ B 50) and assuming 
the impedance at a voltage antinode to be 2500 ohms. 
^0 = 50 X 2500 ohms. 
I n order that the impedance matching section 
s h a l l have the correct impedance the spacing D 
between i t s members w i l l depend on their 
diameter d» 
Z.^ s 276 log 
Measure the diameter of the a e r i a l tubes and 
calculate D. 
Compare the calculated result with the actual 
spacing. 
B* The above type J a e r i a l can be modified for use with 
feeders of different 
impedance from that 
used above* I n this 
case the two members of 
the a e r i a l are 
shunted at the 
bottom and the device 
then becomes an end 
fed half wavelength 
a e r i a l with a 
quarter wavelength 
transformer. 
( i ) Remove the coaxial 
and the socket with 
spacing bar by un-
screwing the 4 B.A. 
bolt at B:* 
Fig* 1. and the socket 
at A. 
( i i ) Connect the bottom 
ends of the a e r i a l 
members by means of the 
brass connecting s t r i p 
provided attaching i t 
at A and B by means of 
4 B.A. bolts* 
( i i i ) Connect coaxial feeder labelled Y (ZQ = 100 ohms) 
to the socket i n the o s c i l l a t o r chassis. 
( i v ) Switch on the o s c i l l a t o r and adjust the point of 
attachment of the coaxial to the quarter wave trans-
former u n t i l maximum b r i l l i a n c e i s obtained i n the 
a e r i a l indicator bulb. 
(v) Account for the position of attachment of the 
feeder. 
( v l ) Repeat the above experiment using the twisted 
f l e x feeder labelled F* This i s best connected 
d i r e c t l y jro the coupling c o i l at the o s c i l l a t o r end. 
How does the impedance of this feeder compare with 
that marked Y} qualify your observation. 
AERIAL INSTRUCTIOH. 
Experiment V. _ ^ jl^ 
A* l i t h the aid of J lecher bridgS adjust the frequency 
of the o s c i l l a t o r f o r 200 Mc/a operation* 
Connect the coupling c o i l of the o s c i l l a t o r to the 60Q) ohm li n e s provided* To the other end of the 
lin e s attach the auKiliary dlpole by meana of the 
twisted f l e x lead. Support the au x i l i a r y dipole 
i n the socket at the ends of the 600^  ohmi l i n e s • 
The a e r i a l provided i s cut f o r 2Cfo Mc/a operation 
attached to the dipole as shown i n figure are two 
rods more than h a l f a wavelength long. 
% At the hottom of the 
rods are two 
adjustable lugs 
designed to carry a 
meter which w i l l 
short the matching 
rods* 
Attachi a 0 - 120 
thermal milliammeter 
to the lugs on the 
matching rods. 
Switch on the o s c i l l a t o r 
and adjust the 
position of the 
meter f o r maximum 
current. 
Draw a sketch i l l u s t r a t i n g the dtiktrihutiom of 
current and. voltage on the shunted rods and 
^ t t a c ^ d dipole. 
Switch o f f the o s c i l l a t o r , remove the 0-120 thermal 
milliammeter and replace i t with a 0**2»5 theormal 
ammeter. 
Remove the a u x i l i a r y a e r i a l . 
Raise the adjustable connectorsCon the matching rods, 
to the highest possible p o s i t i o n and clanrp them on 
the same hoaflzonttal l e v e l * Attach these connectors 
to the ends of the 600 ohms l i n e s by means o f 
tuned wire. So not allow these l i n e s to be slack. 
Switch on the o s c i l l a t o r and measure the standing 
wave r a t i o by means of the detector described 
below. (Note the diode heating c i r c u i t i s to be 
connected to one of the 6.3v A.C. sockets). 
40f 
A.V.o. /5OV.:P.C. 
4- . f^ AM6[£. 
How does t h i s detector operate? 
Why should the detector tuhes be adjusted to 
quarter wavelength? 
Lower the pos i t i o n of the connectors "by centimetre 
steps u n t i l , minimum, standing wave rat i o n i s 
obtained. This should b^ of the order o f 2 to 1 
r a t i o * 
Pinal reduction of standing wave r a t i o i s obtained 
by lowering or r a i s i n g the m ter at the bottomi of 
the matching transformer. 
The standing wave r a t i o should thus be reduced to 
at least 1.2 to 1. 




B* Quarter Wave matching Transfomer. 
Set the o s c i l l a t o r provided to operate at a frequency 
of 200 Mc/s. 
Connect the output coupling c o i l of the o a c i l l a t o r 
to the 600 ohms lin e s provided. Attach to the other 
end of the 600 ohm l i n e a an au x i l i a r y dipole by means 
of the twisted f l e x p a i r . 
Insert the dipole i n socket near the end df the 600 
ohm l i n e s . 
A second dipole cut for 200 Mc/s operation, i s 
provided. This dipole has attached at i t s centre 
two adjustable rods 
' A.C. and B.C. By 5la«king the 2. B.A. 
nuta at A and B, 
. insert a ) 0-*500 
thermal milliameter 
as slicwn i n sketeh. 
Switch on the 
o s c i l l a t o r and 
adjust the lengths of 
A.C. and B.D. by 
equal increments 
u n t i l the meter 
current i s a 
maxinumi. 
men w i l l t h i s 
occur? Draw the 
current and voltage 
d i s t r i b u t i o n i n 
this condition. 
Switch o f f the 
o s c i l l a t o r and 
remove the meter 
between A and B-. 
Remove the 
aux i l i a r y dipole. 
Raise the connectorsCon A.C. and B.D. to t h e i r 
highest p o s i t i o n . Attach leads to the connectors 
and j o i n t h e i r other ends to the 600 ohm l i n e s . 
Ascertain that these leads are t i g h t . Switch on the 
o s c i l l a t o r and measure the standing wave r a t i o on 
the 600 ohm l i n e s , with the diode detector. 
\ Lower the connectors by centimetre steps, shortening 
the leads to prevent any sogglng, u n t i l minimum 
standing wave r a t i o i s obtained 
h 
F i n a l reduction og standing wave r a t i o may be 
secured by increasing or decreasing the length 
of A.C. and B.D. very s l i g h t l y . 
Describe b r i e f l y how the impedance match has been secured. 
10 
AERIAL mSTRUCTIQN. 
Experiment V I - F i e l d of Dipole ^ ^e^rial, Use of reflectors 
f o r transmission and reception. - - -~ - « 
The transmitteip^ pi^ i^4^ d.id::ft-?pW^ l|T|§ii ^ tuii^d- l i n i ' ^ d a c i l l a t o r 
operating at ,300 ,Mc/9. '\The:'pLa^ ^^  which are 
mains operated" itipply power "f(^r pthe;^lpufer, motor tlie valve 
_ Lir .cooled. . the. f i f pe'^t;s"^6'f' t'h6">a^^^^ ^and H. T. 
The switching is'intejc?cp:nite-cte:d:s6^^^^ f i r s t 
anodes being air. 
s j.iiu\^v*>»j.iiiov>i/o,u.-ow uiieio -w+owet* liiUBii r i  be switched on befofd-^^iie; ^ va!^:^e3l^^ before the H.T. ^-'•^  ^ j - ^ - . r : -TT., ..^  ...^ .v^ _r u». before the H.T.;g^ .^ ^^ ^ .,^ .-2.0^ -^. . l i^ M . . - - . ^ i ^ ^ rr-o:..^..:^. 
NOTEE- The f ilament.6 are;irim^s,t,e;i -.^ d,,th^ i«fOj^ ^ must 
a t t a i n t h e i r 'woTkinig.;'teiiipe"rS.'^ Vir^  jbefoi^e" the"';^ .7se."'4a^ S;Wi tched 
on, otherwise the li ' f e ' o f the 'valves''will be seriVusl^ reduced. 
Therefore switch,on tlje,blQwer ^ lanA-t the ^.f^lsuii^nt^. but wait 
at least t h i r t y '¥ef-66hd6 ']^i^f6tk''&'iHXi(ihitia ".oh ""iSo^VT 
The output f]?pm the. .transmi.t-te,r. i s takem.yi^ a,twisted f l e x 
lead to the c?driti%'''of a "-laipol^ Ibda^ed Ijfi 1a'i^^ bench. 
( i ) Observation of dipole f i e l d . > ti' iJ.C- Jji£ 
b e n c h ^ ' ^ ^ — - ^ ^ i ^ ^^^^S^^-"^^^^ ench. 
Place th^f^retfeivagj^ae^ 
at i t s (^ift're^'dn'the b^iich^ a'.pbeitiGn 
that Jyui^  il'ghlfe l ^ ^ a i ^ r l i ^ l f i ^ g h i l r f ^ 
abov^, ,50- c^ if rbiii "i;Jle "ener^i^e^ e^^ri.al).*^.-!''-^ " v -
Holdin'fe t ^ receiving' i a e r i a i ' ^ b r i z d i ^ t a l l y "a^ 'd " • ^ . 
; p a r a l l e l -"to thfe 'TdLai>..,Ung; 6•le:^?ier^^^^^^^  I-., 
a e r i a l i n a yertical;:p|ttcil,, 'at' ;;Cdi^ ^^ taht".dis't4B^  
from the '^irkhsnii^ttiirg!^a^ V' ' J'."^^ '"1. " ;•; 
VSThat do you observe? '"^  . 
Locate the receiving a e r i a l i n i t s o r i g i n a l 
position and move i t i n a direction p a r a l l e l 
to the energised a e r i a l . 
What do you observe? 
Observe the "end-on" pick-up by holding the 
receiving a e r i a l i n the same plaqe as the 
energised a e r i a l but i n an end - on position. 
( i i ) Plane of Polarisation. 
Locate the receiving a e r i a l i n i t s o r i g i n a l 
position. Rotate i t i n the horizontal and 
v e r t i c a l planes by l i f t i n g i n s l i g h t l y above 
the measuring bridge. 
What you observe? Account f o r t h i s . 
( i i i ) Operation of Reflestora. 
A. For transmitting a e r i a l . 
With the energised a e r i a l at the centre of 
the bridge, place a receiving dipole i n 
such a pos i t i o n that the indicator just 
l i g h t s . 
Place at the other end of the bench a 
continuous dipolB ( i . e . without lamp). 
Advance t h i s dipole towards the energised 
a e r i a l noting the positions at which the 
receiving a e r i a l is':-
| l | Most energised. 
Least energised. 
Compare the distances of the re;fl.eQt.Q?^  with 
wavelength ( f =300 Mc/s) and account f o r 
your results. 
/2. 
Locate the energised a e r i a l at the 50 cm 
^ mark ai;id. the^r^ceiving'^ae.rial;,at 4 ^ -cin.. f . ^^r;. 
•- ^  - -'•^Mr^i^ -Adjdst ,the ipoBitiqn':6f--a '/ f 
•I/: i.t.. -v tir^sMfi^tirig'-i^effStftof'^ l-;;'; 
- ^ " T - ^ i f i ^ t > ^ ^ i ^ e c e i ^ e r > r i a i . ^ r • J^ ;-; f ^ 
• • - . '•nLtfcal76"'"aridther ,66ntiiiudc£a JdipdierbnVtliQ i",:'.". '; :•' '-'In: 
- i i - i J Kbench'^tofid'tiie^ 'liac§ivj,rig:;ae;i!i'fil." .U •" - -
-'--Adjtfs^t €liB' iJ6sHitM-^df ^ t l r i d diri^ofe -fdr v ' -- VT 
maximum signals i n the receiver aerial.* 
-^'"^  Kow^thier9:^d^e^c(i^ Z]"":-.': 
••••tftretogth-of^a 6±tt^':U'&rimii^^^tQiur -^-:; :: f : , t'i^ • 
I 
Rdpe & il -tHie''-above t^d ;e .3Cp6 rilraenfe r-V^'i^g -...'^  , 
ref I'e c t i i i g elemetits - Of Teng ths'"' ' 
( i v ) Broadside Radiation. _ 
Locate the,energised a e r i a l ,at .th,e .gD. ^ .(aiiinark •,. . 
aiid -the'r ec'eivlifg dlpo'te "at 150" %ms'mark'on . -
the bench. Hold a r e f l e c t o r p a r a l l e l w i th tlie ^  
^ ener^is^d a e r i a l and...immediately.abqu^t i t . - . . . . r . 
Gradually ' ^ i s t f trie ^I'eflettto^r iii'ia^!v;em:c^^ „ T.t 
aerialv'- domE^rer^thr h e i ^ t . :^ ^ ^ t h d ^ r e f i e S o i r--^.: 
.."1.^ .^ '^  •'• • 3 - i " ' ' « • 
O f c J . - ' . . i ^ - J •O . ' J. i 
'i . c. 
Obtaine^-in^ ''the Wdeiv&i^^^ ' t. " '.' --• •: - -
ReifeaV %he WdVe ^ i n g t h ^ f ^ o j ^ albdv^ "^^  . f / ; ^ ^ 
the receiving a e r i a l , : - ^ "^^ • ' --f 
..';.j>j:-i:o/H I::01, 
- V , , 
V E f f e c t of inphase and out of phase feeding a e r i a l s . 
Assemble two dipole a e r i a l s on the measuring bench as indica-
ted below. Note two s p e c i a l l y mounted a e r i a l s are provided 
such that they can be moved along the bench w i t h t h e i r axes 
p a r a l l e l to the l e n g t h of the bench. 
(a) Connect the tv/isted feeder from the t r a n s m i t t e r to the 
d i s t r i b u t i o n box. Using twisted feeders of . equal length 
from the d i s t r i b u t i o n box to the a e r i a l i n v e s t i g a t e 
broadside and end-on r a d i a t i o n from t h i s array. Indicate 
the h o r i z o n t a l p o l a r diagram and j u s t i f y your r e s u l t . 
(b) Repeat the e,-periments using d i s t r i b u t i o n feeders to the 
a e r i a l s such th a t the feeder lengths d i f f e r by \. 
2 
Account f o r the d i f f e r e n c e i n h o r i z o n t a l p o l a r diagram of this' 
array. 
nent No.?:- Adjustments of 2 Bay 2 T i e r Kooman's .-.rr?y. 
._..Jn: arrays are used on H.F. working f o r concentrated 
i d i a t i o n in..a given d i r e c t i o n and at a given v e r t i c a l angle. 
LI the d i p o l e a associated w i t h the Kooman's Array are inphase 
Jd. The beam, width i s governed by the number of bays used, 
3ing ^mailer as the number increases w h i l s t the i n c l i n a t i o n of 
le ma^Ji r a d i a t i o n lobe decreases as the number of t i e r s 
icreases (One d i p o l e 30° - two dipoles 20° - three dipoles 
-° - f o u r dipoles. 10 )' 
1 
The lengths of a e r i a l s have been cut to A f o r 300 Mc/s operatior 
(a) Mea'sure the s t a r t i n g wave r a t i o on the feeder sections 
Al,| .Al and i\2, A2. 
I / 
(b) Prom the curve of f i g : 3 8 ( a ) A.P.2514 obtain the lengths 
of '[matching stubs required. . 
I 
( c) Mount these stubs. L,l-^ 
(d) Rep|eat t h i s procedure w i t h the feeder section b b. 
( e ) Check the r e s i d u a l standing waves and i f greater thsji IC^j 
adjjust l a s t i n s t a l l e d stub.l^^ 
Draw a diagram of the a e r i a l system i n d i c a t i n g current d i s t r i b -
u t i o n oji the Arrajr and connecting feeders.. 
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